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The second B>rcl Antarctic Expedilion 
onibai’ked fiom Boston on October 11, 
1933 After passinpf throu^yh the Panama 
Canal, we touched Easier Island, then 
crossed the Pacifi(‘ to Wcllinfrton, New 
Zealand A southeast course from there 
brouprht our vessel into ice-filled Antarctic 
w aters east of the Ross Sea A larj^e area 
of unknown ocean was explored by ship 
and ail plane as far east as the 116th 
meridian, where we turned west^^ard 
aj?ain One month after the ship had 
first entered the pack-i(*e, it reached the 
southernmost shore of the Ross Sea The 
Bay of Whales is that point on the cir¬ 
cumference of the Antarctic continent 
A^hprc the ocean encioachcs farthest to- 
\\ard the pole Here at 78*^ 34' S and 
163^^ 56' W, the base camp anus estab¬ 
lished on the floating shelf ice of the Ross 
Barrier The ice-party occupied the Ba> 
ot Whales base from January 17, 1934, 
until Pebruaiy 5, 1935, \\hile the ships 
wintered in New Zealand The itincraij 
of the return \oya"e included Duiiediii, 
New Zealand, Easter Island, Albemarle 
Island, of the Galapap:os archipelago, and 
Panama The expedition arrived in the 
Tlnited States on May 10, 1935, after an 
absence of nineteen months 

More than two years had been spent in 
making very elaborate preparations for a 
comprehensive scientific program It is 
gratifying to find m summarizing the ac¬ 
complishments of the expedition that a 
great deal of the original program has 


been earned out This piiper briefly 
summarizes the srnentific accomplishments 
of the expedition The complete report 
\m11 occupv the equivalent of about ten 
v'olurucs of three hundred pages each 

Oceanography 

The oceanographic piogiam of the ex¬ 
pedition included a systematic bathy¬ 
metric survey in the foim of echo sound¬ 
ings taken hourly, %e , about seven miles 
apart except when an outstanding change 
111 bottom configuration vv^as encountered 
or when the continental insular shelf was 
approached and left On these occasions 
the number of soundings was increased 
to whatever number was required to ob¬ 
tain a detailed profile of the bottom In 
all, ten senes totalling 2,723 soundings 
were made from the Bern of Oakland dur¬ 
ing its two trips to and from the Antarctic 
and on cruises while there 

Cosmic Rays 

In order to extend the cosmic-i ay mea¬ 
surements of the World-Wide survey made 
bv Dr A H Compton, of the University 
of Chicago, into the south Pacific and the 
Antarctic, a large number of cosmic-ra> 
measurements were made on our southern 
voyage and during our stay at Little 
America 

Ice Studies 

A very extensive study was made of the 
ice conditions from the time we sighted 
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AElilAL V[EW OF THE K^E PACK, APPBOACIllNO THE ANTAKCTIC 

THE LAKflER PIECES ABE ABOUT A MILE IN WAMETKR AND A HUNDRED ERKT THICK, 


oul' filst ice and continued throughout 
our stay m the Antarctic 

Aerial photogiaphs of the pac'k-iee and 
leebeigs supplement the pictures and 
records maiie from the t>\o ships The 
largest individual bergs covered an area 
of two hundred square miles Studies 
were made of the stratifi(*ation, porosity, 
general structure and movement of the 
continental and shelf ice 

That vast extent of about 100,000 
square miles of shelf ice between the Ross 
Sea and the Queen Maud Mountains was 
found to average more than a thousand 
feet in thickness, and that portion of it 
forming the west edge of the Bay of 
Whales was found to be moving north¬ 
ward and a little to the east at an average 
rate of eight feet per day, and the ice on 
which Little America was built was mov¬ 
ing westward at the rate of two feet per 
day 

The frequent boom of snow tremors, 
allowing^ the snow underfoot to drop 


suddenly sometimes more than an inch, 
kept the surface traveler constantly re¬ 
minded of that great dread of the Ant¬ 
arctic, the so-called blind crevasses 

ORNTTHOTiOGY 

Pifty-four species of birds were identi¬ 
fied m the course of the second expedition 
Twenty-three of these weie non-oceanic 
birds which i‘ame aboard ship from Octo¬ 
ber 14 to 80 between New York and 
Panama Nine species of sparrows and 
four species of warblers were among the 
passerine birds. 

The ornithological collection of the ex¬ 
pedition consists of one hundred and 
seventeen skins, chiefly of the larger 
oceanic birds Twenty species are in¬ 
cluded, representing ten families 

The Antarctic pack is a purgatory for 
the navigator, but a paradise for the ob¬ 
server of bird and mammal life Unfor¬ 
tunately for the latter, no pack-ice was 
encountered on our return voyage How- 
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ever, this brought a measure of compensa¬ 
tion m its effect on the southward occur¬ 
rence of albatrosses, so that the known 
non-breeding ranges of three species were 
extended The most southerly range of 
light-nmiitled sooty albatross, the blaek- 
browed albatross, the stately wandering 
albatross was extended 230, 210 and 100 
geographical miles, respectively, for the 
three species. In the ‘‘roaring forties’’ 
two male wandering albatrosses were col¬ 
lected, the larger weighing nineteen 
pounds and measuring ten feet and nine 
inches in extent 

The snow petrel is the most abundant 
bird 111 the pack-ice It lives largely on 
the slinmp-like reddish crustacean whieh 
IS also the principal food of the Adelie 
penguin, the crab-(»ater seal and other 


denizens of the Antarctic pack The snow 
petrel’s plumage is white, with ivory 
tones, its beak, eyes, tarsi and feet aie 
black This would be an altogether at¬ 
tractive bird were it not for its a(*curacy 
and eight-foot range in ejecting the oily, 
orange-colored corilents of its stomach at 
the intruder 

The sun leappeai’s at the Bay of 
Whales on August 22 The earliest 
spring migrants are the smnv and Aiit- 
aretic petrels A lone snow petrel and 
tw'o Antarctic petrels arrived on October 
B, but they did not become common on 
the bay until December, oi midsummer 
The last snow petiel seen in the autumn 
w^as on March 13, after which no birds 
of any kind were observed 

No birds breed in the Bay of Whales 



AIRPLANE VIEW OF THE BAY OF WHALES 

IN EAKLY SUMMER BEFORE THE ICE HAD GONE OUT—TAKEN FROM ELEVATION OF ABOUT 15,000 FEET. 
THE PORTION CLEARED OF ICE THE PRECEDING SUMMER IS SHOWN IN THE UPPER CENTER; THE POR¬ 
TION NOT CLEARED, IN THE LOWER CENTER LITTLE AMERICA IB TO THE RIGHT OF WHERE THE NEW 

ICE JOINS THE OLD 
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1 ef?ion The only known breeding ground 
within four hundred miles is a rookery of 
snow petrels discovered by a four-man 
sledging party which Siple led into tiie 
mountain ranges of Mane Byrd Land 
On the lower slopes of Mount Helen 
Washington on December 19, 1984, the 
rookery was located, \Nhere snow petrels 
were sitting on their eggs deep in the 
crevices among the rocks They defended 
their nests with the customary niaiksman- 
ship No nests of the Antarctic petrel 
were found, but from the numbers of the 
birds it seems likely that they nest on this 
peak with the snow petrels A fact of 
unusual interest is the distance of this 
nesting site fiom the nearest water The 
birds nest fifty-one statute miles from 
their nearest possible source of food 
This disadvantage seems to be counter¬ 
balanced by the nature of the peak, where 
many sheltered nesting sites are a^allable 
among the l()Osel;\ aggregated rocks 
Winds of hurricane foice sweep over the 
peak to prevent large aceiiinulations of 
snow, while the dark rock contributes b> 
absorbing the sun \ heat and melting the 
snow Finding this rookery extends the 
bleeding range of the snow petrel 452 
statute miles to the south 

In tlie ice-pack in January, flocks of 
hundreds of Antarctic petrels were seen 
wdieeling in unison above the great tabu¬ 
lar bergs About seventeen inches in 
length, or three inches longer than the 
snow petrel, tins bud is no less beautiful 
Its choeolate-brown head, back and wings 
fuinish a pleasing contrast with the 
whiteness of the wung coverts and other 
parts 

The silver-graj petrel is the least com¬ 
mon of tlie birds known to vnsit the Bay 
of Whales. Our only specimen collected 
was secured on the Antarctic Circle and 
the 150th meridian, at the northern edge 
of the pack 

The Cape pigeon has never been re¬ 
ported in the Bay of Whales The Wil¬ 
son's storm petrel breeds ojdy on Ant¬ 
arctic and sub-Antarctic islands and on 




KMPKHOR PENGUINS 


shores of the Aiitaretic continent This 
spe(*jes inijifiates as far nortli as Labiador 
durinji: the southern winter As for all 
birds which reach the Bay of Whales, 
except the South Polai skua, this station 
marks its southeriiinost limit We never 
saw them alight on the ice 


The giant fulmar, or giant petrel, aji- 
peared at Discovery Inlet, but not one 
Jiad been reported at the Bay of Whales 
until the autumn of 1933 This spetues 
has two color phases, a brown and a 
white, with intermediate conditions In 
ciuising along the barrier cliff between 



PKE88UBE ICE IN THE VICINITY OP LITTLE AMERICA. 
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the Hay of Whales and Discovery Inlet, 
we saw a flock of about fifty which had 
settled on an ice floe Within the scope 
of onr observations the white birds con¬ 
stituted only 3.3 per cent of the sixt> 
individuals, as conipaied with Wilson’s 
23 per cent 

The drama of Antarctic bird life is not 
without Its villain Theft and pillage, 
murder, cannibalism and infanticide, 
these crimes are all in the repertory of the 
South Polar skua The Adelie penguins 
are immune to this plague only because 
they nest in the middle of winter, sharing 
with no other bird species the rigor of 
the polar night At the aforementioned 
snow pctiol rookery there weie skuas 
about Doubtless the petrels’ habit of 
laying their eggs in narrow crannies 
serves to protect the eggs and young fi om 
skuas, as well as from the force of fre¬ 
quent blizzards Tlie South Polar skua 
wanders farther south over the continent 
than anv other bud The soutliern geo¬ 
logical part> leported an observation 
made by this paity at 86° 05' S, thirty 


miles up the Thorne Glacier, at an alti¬ 
tude over two thousand feet The birds 
settled on the snow near the dog lines, 
rested for a time and finally took off, fly¬ 
ing north, continuing the flight down the 
glacier. These facts suggest tliat the 
skuas may have been on a flight across 
the Antarctic continent 

The emperor penguins, the largest of 
living penguins, were more frequent visi¬ 
tors to the Bay of Whales than the 
Adelies in 1934-35, but the reverse was 
true in 1929-30 Their remarkable habit 
of breeding during the extreme cold and 
darkness of the Antarctic night lea\es 
them free in summer to wander along 
the coast and through the lee-pack 
Many empei oi s are to be seen in the pack 
during December and January, both jii- 
\enile and black-throated birds Others 
of both groups seek coastal bay ice, such 
as the Ba}^ of Whales affords, on which 
to moult Although conspicuous by \ir- 
tue of their size, coloi'ation and loud 
reedy, whining call-note, emperors are by 
no means abundant in the bay Through- 



THE BIOLOGICAL STAFF AT WORK IN THE SCIENCE LABORATORY 

EXAMINING BACTERIA, PLANKTON, MOSSES AND ALGAE COLLECTED IN ANTARCTICA. 
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SCIJJNTIFIC STAFF MEETING IN THE SCIENCE LABORATORY 

DR. POIJLTER IS AT THE HEAD OF THE TABLE 


out the summer of 1934-35, though we winch none was seen for a month Bight- 
were on the bay almost daily for three een specimens taken in November and 
mouths, the total number of emperors December, before the moult, ranged from 
seen was only thirty-two The first in 60 to 84 pounds, while eleven taken after 
the spring appeared on November 5, after the moult in February ranged from 39 to 
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DU PKRKIN8 MAKING MOVING PICTURE RECORDS OP DIVING PLANKTON 

SPECIMENS 


55 pounds Motion piotnre and sound 
records were made of the emperor and 
Adelie penjifuins 

After an unsuccessful attempt on the 
first Byrd expedition to briufi; back living 
Antarctic penfrnins for American zoos, 
another attempt was made on tlie sei^oud 
trip. The captives were k<»pt at the base 
camp, where an aiea of about 5,000 
sijuai’e feet of snow was enclosed by a 
wire netting: The first birds caught were 
kept there for t^^o months before being 
transferred to the ship Frozen fish had 
been purchased in New Zealand for feed¬ 
ing them 

On leaving the Antarctic we had 
twenty-one captive Adelies and nineteen 
emperors housed amidships in an air- 
conditioned, refrigerated, eork-insulated 
room foi*tv feet long, six feet wide and 
seven feet high After three weeks at 
sea, when the birds had been kept for 
two or three months m captivity, most 
of the ^nperors no longer required forc¬ 


ible feeding On the contrary, they had 
become very tame and friendlv, since a 
new association had finally been formed 
and man now symbolized food The 
>oung emperors ^^ere far behind the 
adults in their conditioning to hand¬ 
feeding, and were more vicious in de¬ 
fending themselves against being fed 
The Adelies showed still less adaptabil¬ 
ity and more pugnacity Then stout 
hooked beaks proved much moie toi mid- 
able weapons than the long, curved bills 
of the emperors If the powerful em- 
peroi’s had fought as strenuously in pi"o- 
portion to size, keeping them alive would 
have betni quite impossible 

Unfortunately for the captives, the re¬ 
turn voyage to America took more than 
three months, due to the slow pace of the 
ships and an extended stay in New’ Zea¬ 
land, where many of the Adelies died 
By the time the expedition had crossed 
the tropics, nine of the emperors had died 
from a heavy myeosis infection of the 
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lungs, tracheae and air sacs Ten em¬ 
perors and one Adelie penguin reached 
the TTnite<l States alive and were deliv¬ 
ered to tlie Chicago Zoological Society. 
The last of these died about two months 
Jatei of tlie same disease The society 
transiVired these birds to the Field Mu¬ 
seum of Natural History, where they are 
now on display as a habitat group 

Plankton and Invertebrates 

Plankton samjiles were collected on the 
\aiious A (u ages of the two expedition 
shijis, and dredge hauls were made in the 
of Whales Photomicrographic and 

cinemiciogiaphic recoids were made of 
all matenals collected 

The bottom fauna included sponges, 
(oelenteiates, biwozoans, brachiopods, 
poivchaeto and sipuuciilid worms, pyc- 


nogonids, bivalve molluscs, all classes of 
eehinoderms and tunicates 

Bacteriology 

Aseptieally collected samples were 
collected fioni the environs of Little 
America, from many points on the snow 
surface within 400 miles of Little Amer¬ 
ica, fiom morainic alluvium, lichens, 
mosses, exposures of mud and water 
known to contain algae, rotifers and 
infusona, mud from 11,000-feet depth in 
the Bay of Whales, infections caused 
from handling seal blubber, abandoned 
rooms of the B A E I, agar plates, which 
were exposed on mountain peaks never 
previously visited by man, and from snow 
on Thorne Glacier within 180 miles of 
the South Pole 

At Little America, Siple and Sterrett 



MR. GRIMMINGER MAKING PILOT BALI^OON OBSERVATIONS AT 70 ^ BELOW ZERO 
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TWO OP POUB METEOR OBSERVERS SEATED ON A R0TAT1N(} PLATFORM 

THE MAN SEATED BELOW JS RFCORDING THE OBSERVATIONS THE RhTK LK& THROL'Ot! WHK’H THEY 
LOOK AT THE SKY ARI- SHOWN IN THE NEXT PICTURE 


had sufficient equipnieiit to make isola¬ 
tions from snow samples, however, 
cramped quaiters and danjifeis from mold 
contamination made i1 advisable to aban¬ 
don most of the research to laboratories 
outside the Antarctic Some thirteen iso¬ 
lations WTre taken from the snow and 
other souices As to distribution it was 
found that probablv as few as one or two 
bacteria exist on the averaf^e pint of Ant¬ 
arctic surface snow The majority of 
aseptically taken samples were brought 
back sealed and opened for the first time 
in the bacteriology laboratoiy of Alle¬ 
gheny College, Meadville, Pennsylvania 
There are perhaps, at least, 75 different 
kinds of bacteria In addition to the two 
yeasts, there are twelve coccus forms, 
while the remainder are rods and per¬ 
haps half of the collection are spore-form¬ 
ing bacilli 


HotAXV 

The Mane Byrd Land exploi ing paity, 
composed of Paul A Hiple as biologist, 
Alton Wade as geologist and S Corey 
and O Stancliff as assistants and dog 
drivers, returned to Little America after 
a three-months intensive sledding journey 
in December, 1934, with an unusually 
large collection of mosses, lichens and 
algae native to the Niinataks of that land 
This collection was supplemented by the 
collection made by tlie Queen Maud Geo¬ 
logical Party The collection was packed 
in a strong box and not disturbed to any 
extent until turned over to Dr Carrol 
W Dodge and Mi Edwin Bartram 

From the thousands of plant colonies 
reviewed m the field and hundreds 
brought back to the laboratory for identi¬ 
fication, at least 89 species of lichens and 
five mosses have been determined The 
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lichens were collected from home 215 dis¬ 
tinct locations and 12 mountains, and on 
8 of the 12 mountains there were rela¬ 
tively few mosses This collection no 
doubt represents the majority of the 
laij^er and more conspicuous species, but 
most of the mountains had species ap¬ 
parently restricted to them Of the 
mountain exposures where plant life 
probablj^ exists, less than 10 per cent 
of the area has been visited 

In the li{?ht of observations made in 
Mane Byrd Land, it seems probable that 
the plant species of Antarctica are much 
moie numerous on the continent proper 
than the one or two hundred kno^vn spe¬ 
cies thus far collected would indicate 

Museum Specimens 

A collection of museum skins was ob¬ 
tained for the American Museum of Nat¬ 
ural History, including 48 Weddel and 
crab-eatci seal skins with ac(*ompanying 


skulls Additional skulls of both species, 
making a total of 112 skulls, a large 
number of embr>o seals, chiefly those of 
the Weddel seal, were also collected 

One hundred and twelve oceanic bird 
skins of about twenty species, including 
penguins, albatrosses, skua gulls, shear¬ 
waters, petrels, frigate-birds, boobies, 
tropic birds, etc, are included in the 
collection 

Pish of the genus Pleurogramma and a 
new Antarctic fish ^'Pagothenia,^’ in ad¬ 
dition to tw’o flying fish, reef fish from 
Easter Island and sea basses and mack¬ 
erel from the Galapagos Islands consti¬ 
tuted a part of the collections 

Medk'AL 

A study WHS made of the ph\sical 
effects of the Antarctic conditions upon 
the pei*sonnel of the expedition Bach 
member was subjected to a physical ex¬ 
amination, including a blood count, tak- 



RETICLES USED IN DETERMINING PATHS OF METEORS 

MOUNTED ON TOP OF A SHACK, WHICH 18 BUBIED UNDFU THF SNOW 
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OBSERVING METEORS WfTH BINOCULARS FROM THE WORKSHOP 
AND OBSERVATORY 


ing of blood pressure and a general phys¬ 
ical condition check-up once each month 
during the winter night The treatment 
and effect of frost bite, snow blindness 
and other conditions peculiar to the Ant¬ 
arctic were studied 

In addition there was an appendectomy 
performed, a case of streptococcus throat 
infection, plus other numerous infections 
and sprains 

Meteorology 

The meteorologj’^ observations consti¬ 
tuted one of the major activities of the 
expedition In addition to the two mete¬ 
orologists making continuous observations 
of weather conditions at Little America 
throughout our stay there, pilot balloon 
observations were made twice daily, and 
on certain occasions every few hours 

Aerologieal soundings w^re made with 


the autogiro, Pilgrim and Condor planes 
at frequent niteiwals from September, 
1934, to February, 1935 The three 
major field parties kept complete records 
of conditions encountered during the 
nearly three months they w^ere on the 
trail 

For the first time in the histoiy of Ant¬ 
arctic exploration, an inland weather 
station was established, the Bolling Ad¬ 
vance Base, occupied for seven months 
by Admiral Byrd, including the long 
winter night The set of weather obser¬ 
vations made by Admiral Byrd in spite 
of the almost impossible conditions under 
which he was forced to work are suipris- 
ingly complete and constitute one of the 
most valuable chaptei*s m Antarctic 
weather records 

Temperatures ranged from only a few 
degrees above freezing to more than 80 
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degrees below zero, and one peri(Kl of six 
weeks averaged more than 60 degrees 
below zero 

The average wind velocity at Little 
America of eleven miles per hour is con¬ 
siderably lower than at many places in 
the Antarctic The maximum velocity 
on the continent was 60 miles per hour, 
while higher velocities ^^ere encountered 
at sea 

Astronomy 

The Aurora Australis is \isible at 
Little America inoie than half of the time 
that conditions are fa\orable for seeing it, 
and about two liundred and fifty photo¬ 
graphs were taken ot typical aurora 
forms and a gieat many visual records 
were made 

Because of the interference of bad 
weather, sunlight, moonlight and auroral 


light, it was only possible to make meteor 
records o\er an observing time totalling 
a little less than seven days However, 
111 this time observations weie made on 
about seven thousand meteors 

Two distinct methods of observing were 
employed, and in both of them most of the 
observations were made with the observer 
111 a heated shai-k One method was with 
the unaided eye and the use of a leticle 
wdiicli served as an arbitiary system of 
coordinates For these observations from 
one to four observer’s w'ere seated on a 
rotating phitfoim in such a way that the 
observei ^ eye came diicctly behind an 
opening in the small dome of the roof 
of the shack The four reticles were 
mounted in the roof of the shack so that 
the center of the field coxeied by each 
of the four observeis w^as at an elevation 



TELEPHONING FROM THE RCIENCE LABORATORY 

DR BRAMHALL, PHYSICIST, COMMUNICATING WITH AN ASSISTANT IN THK MAGNETIC OBSERVATORY, 
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of about 45 degrees, and the four reticles 
pointed in each of the four directions 
The platform was rotated a quarter of 
a revolution once every fifteen minutes 
so that in a regular two-hour pcrioil each 
of the observers had observed twice in 
each of the four positions. Nearly two 
thousand meteors wei^e observed by this 
method, and the coordinates of both ends 
of the path recorded, together with the 
time to the nearest second, magnitude, 
color and duration of tram, if one. 

One observer observing through an eye¬ 
piece and reticle mounted in the roof of 
the sliack permitted observations to be 
made in the Zenith About one tliousand 
meteors were observed through this 
reticle, and the complete data recorded 
for each meteor 

The other metluKl involved the use of 
7 X 50 Zeiss U S Navy Binoculars They 
were mounted in the ceiling of the shack 
and directed at the Zenith They covered 
a field of about seven degrees, and about 
1,300 meteors were observed by this 


method The same data were rec^orded 
for these as in the case where the reticle 
was used The number that it was pos¬ 
sible to record by this method depended 
upon the speed with which the observer 
could call ofl the positions and the re¬ 
corder could take them down, as they 
were appearing much faster than it was 
possible to record data 

Because of the rate at which meteors 
could be observed v^ith binoculars when 
the visibility was very good, it was de¬ 
cided to record only one number for each 
meteor and that representing the direc¬ 
tion that it was traveling. In this way 
observations were made on about 1,500 
meteors, and the rate at which they were 
recorded varied from 6 to 35 per minute 
A reticle was taken to Advance Base 
during the latter part of the winter night, 
and a series of simultaneous observations 
were made with two observers watching 
the same section of the sky foi the deter¬ 
mination of real heights This gave a 
base line of about 100 miles While the 



BROADCASTING CONTROL ROOM AT LITTLE AMERICA 
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GEOPHYSICS PARTY ON THE TRAIL 

MAKING A SURVEY Or THE BAY OP WHALFS RFGION NOTE THE SEALS ASLEEP ON THE ICE IN THE 

BACKGROUND 


number of actual duplicates obser\ed was 
rather small, several hundred meteors 
were record<*d durinj? these observations 

Data were recorded on all fireballs ob¬ 
served by any of the members of the ex¬ 
pedition Five meteors left trains lasting? 
lonji: enoug:h for the dnft to be measured, 
thereb\ making it possible to determine 
the direction and appioximate velocity of 
Ihe wind at an elevalion of between 50 
and 100 miles above the surface of the 
earth In all &\e cases, the drift was 
from west to east at a rate of about 150 
miles per hour 

Insofar as was possible the observations 
were distributed through the twenty-four 
hours so as to obtain, if possible, the 
diurnal variation in the numbers of 
meteoi’s strikiiif? the earth’s surface 

Observations were also made on (he 
magnitude of the two variable stars, Beta 
Doradiis and Cannae, at frequent inter¬ 
vals throughout the winter night A 
large number of star sights were also 
made through the winter night for ac¬ 
curately determining the position of 
Little America and Advance Base Many 


of these were made at a temperature of 
more than 70 degrees below zero 

Tekrjkstrial Magnetism 

With the aid of the Department of 
Terrestrial Magnetism of the Carnegie 
Institution of Washington, the expedi¬ 
tion was completely equipped wnth con- 
tinuons recording magnetic nistiuments 
as w^ell as instruments for making abso¬ 
lute measui (umnits of Little Amei ica and 
on the trail In addition to the many 
field obser\ations in the Antarctic, mea¬ 
surements were made at Kaster Island, 
Albemarle Island, Panama Canal Zone 
and New Zealand 

Geophysics 

Tlie mystery of wliat lay hidden be¬ 
neath the snow surface m the Antarctic 
led us to include in our scientific equip¬ 
ment an instrument new in polar explor¬ 
ation and research This was a geo¬ 
physics seismograph with which we were 
able to measure the thickness of the ice, 
tell whether it was restmg on rock or 
floating on water, and if floating on water 
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how thick the water la>er was and some¬ 
thing about the stratification of the bot¬ 
tom With this equipment we made more 
than 500 soundings at 135 stations 

These measurements explained many of 
the mysteries of the Boss Shelf Ice, such 
as crc\assed areas, the existence of the 
Bay of Whales, Dis(‘Overy Inlet, Lind¬ 
bergh Inlet, as well as proved the exist¬ 
ence of Roosevelt Land. 

We traveled 2,000 miles on skis with 
this equipment and an equal distance by 
plane, measuring continental ice thick¬ 
nesses of more than 2,000 feet and float¬ 
ing ice of 1,500 feet 

Geology 

The geological program of the expedi¬ 
tion was one in which thoie was a great 
deal of activity Fourteen mountains in 
the Edsel Ford range wTie visited by the 
Mane rd Laud party The range was 
found to be composed of greatly folded 
and higher metamorphosed sediments 
which have been uplifted and intruded 
by massive and granodiorites The struc¬ 
ture of these mountains was observed and 
the effects of tlie Antarctic agents of 
weathering on the rocks was studied An 
extinct volcanic cone composed of an 
olivene basalt was discovered and visited 
The party stopped at Mount Helen Wash¬ 
ington m the Rockefeller Mountains on 
the homevvaid journey to collect speci¬ 
mens for correlation of this range with 
the Edsel Ford Range 

Rocks and pebbles collected from an 


iceberg at sea, and those taken from the 
stomachs of seals and penguins, together 
with those obtained in dredgings from 
the bottom of the Bay of Whales have 
been studied to see where they fit into the 
geologic picture of the Antarctic 

Another major geologic endeavor of the 
expedition was that of the Queen Maud 
Range party. Blackburn, leader of the 
party, v\as assisted by Paine and Russell 
m the trip across the Ross Shelf Ice to 
the Queen Maud Mountains and ascent 
of the Thorne Glaiuer They painstak¬ 
ingly collected specimens and recorded 
data for the construction of a cross-sec¬ 
tion of this range, paying particular at¬ 
tention to the sedimentary beds near 
the top on winch many fossils, leaves, 
branches and even tree trunks were 
found Twenty different seams of coal 
were found exposed along the side of the 
glacier 

Radio 

During the weekly bi oadt^asts and daily 
communications with the United States 
and Expedition ships, the radio engineers 
made frequent lecords of transmission 
and reception conditions, the interference 
accompanying displays, magnetic disturb¬ 
ances and audio static 

Space heie does not permit adequate 
acknowledgment of our sincere apprecia¬ 
tion of the valuable assistance and coop¬ 
eration that we have recened from the 
large number of scientists and scientific 
organizations 
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American forestry inherited from Eu¬ 
ropean practices no science or technology 
of fire control No formalistic theories 
nor established foundations of knowledge 
were available for fire such as were in¬ 
herited for silviculture, wood technology, 
forest pathology and forest entomology 
There was no science of forest pyrology 

It w^as not until 1916, in fact, that a 
specific proposal was formally made to 
apply research methods to fire as a forest 
phenomenon, and not until 1926 that the 
research possibilities w'cre stated in de¬ 
tail In both cases, Dr Earle H Clapp, 
associate chief, U S Forest Service, was 
the author, and his second proposal, con¬ 
tained in A National Program of Forest 
Research,’^ published in 1926 by the 
American Tree Association, has been and 
still IS the master w^orkirig plan for the 
guidance of forest fire research in evolv¬ 
ing a science of forest pyrology 

This national program distinguished 
SIX components of the fire problem (1) 
The laws governing the combustion of 
forest fuels in the open, (2) fire preven¬ 
tion techniques, (3) fire suppression, in¬ 
cluding the generalship and tactics, the 
tools and instruments of this craft, (4) 
the accurate determination of all forms 
of damage due to file, (5) the beneficial 
uses of fire, (6) the protection standards 
or objectives which fire control should 
attempt to attain 

(1) Laws of Combustion 

Classification has been called ^Hhe veiy 
essence of scientific method’’ and a classi¬ 
fication of the fuels that burn in forest 
fires was one feature of the laws of com¬ 
bustion specifically identified by the na¬ 
tional program. The need for classifying 


the many diverse types of fuels w^hieh are 
the snie qua non of forest fires is obvious 
when one remembers that on an average 
bad fire day the combustion process 
progresses at only a few square feet per 
hour m some fuel types, whereas in others 
the area burned has been as great as 1,000 
acres or more per hour AsW I Wyman 
has stated 

To bring like tbiiigs together to form distinct 
groups and to separate groups according to their 
diHtinguishing piopertiea are measures that eon 
scioiisly or unconsciously have been adopted by 
humnnit> from tune immemorial This cerebral 
XirocesH is a method of classification and is not 
only the basis of any scientific s,>8tem but is an 
active principle in all systematic procedure All 
ordered thought is based upon it, all ordered per 
formances require it Dictionaries, directories, 
correspondence files and trade catalogues are in 
stances of modern requuements in domestic and 
business life 

In the business of forest fire control 
lescareh has applied this principle to re¬ 
place the personal memory and estimate 
bases formerly employed to determine 
how' many fire control men are needed 
and wliere they should be located The 
“ordered performance” of fire control 
obviously will progress faster by sys¬ 
tematic rathei than subconscious identi¬ 
fication and grouping of these basic fac¬ 
tors of fuel tj’pe 

Show and Kotok pioneered m this at¬ 
tack on fuel type classification evolving 
a silvical basis for the California forests 
Hornby, of the Northern Rocky Moun¬ 
tain Forest and Range Experiment Sta¬ 
tion, refined this by originating a pyro- 
logical basis with definitions o^ those 
generic characteristics indicative of (a) 
rate of spread of fire and (b) resistance 
to control Tested by application on 
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A FOREST FIRE DANGER RESEARCH STATION IN THE ‘‘HIGH COUNTRY'' 

ELEVATION 5,500 FEET, ON THE PRIEST RIVER EXPERIMENTAL FOREST TEMPERATURE, HUMIDITY, WIND VELOCITY, DUFF MOISTURE 
AND SMALL STICK MOISTURE ARE RECORDED AUTOMATICALLY PRECIPITATION IS MEASURED BY GAGES 
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17,000,000 acres of national forest, this 
classification has demonstrated both its 
scientific soundness and its practical 
value. More recently, Matthews, of the 
Pacific Northwest Station, and Curry 
and Pons, of the California Station, have 
further advanced the methods of enu¬ 
meration and quantitative estimate of the 
elements, in California to the stage of 
formulation for one fuel type of a rate 
of spread hypothesis in mathematical 
form, soon to be published 

The National Program definitely recog¬ 
nized the function of fuel moisture as a 
major control in the combustion process. 
The problem here was decidedly similar 
to that existing and later described by 
Livingston for physiological plant ecol¬ 
ogy when he stated in 1935 that much 
must still be done **before \^e shall be 
able to devise instruments and techniques 
by means of which numerical indices of 
environmental capacity may be secured ’’ 
‘‘Just what to measure must depend, to 
a considerable extent and for a long time 
to come, on what we are able to measure ’’ 
Instrumentation, so important to the 
physiological ecologist, constituted a ma¬ 
jor impediment to the early progress of 
forest pyrology The low-cost ram gage, 
designed by Osborne and improved by 
McArdle, the low-cost wind gages of the 
Northern Rocky Mountain and the 
Pacific Northwest Stations, the fan psy- 
chrometer, duff hygrometer, wood cylin¬ 
ders, visibility meters and the anemo- 
hygrograph not yet described in any 
publication have, however, partially or 
wholly removed some of these impedi¬ 
ments Savings of some $6,500 in the 
cost of ram gages, and $17,000 in the cost 
of anemometers, with resultant possibili¬ 
ties of more wide-spread measurement, 
have already been made as a result of this 
instrumental research, W’hile the inven¬ 
tion of duff hygrometers and wood cylin¬ 
ders made possible the measurement of 
highly significant danger factors which 
formerly had to be crudely estimated 


Research at several experiment stations 
soon found that except for wind the 
meteorological elements of insolation, 
temperature, humidity and precipitation 
are largely factors of environmental ca¬ 
pacity which influence fire behavior only 
as they affect fuel moisture They are, 
therefore, indirect indices at best The 
correlations by Mitchell for the Lake 
States, Stickel for the Adirondacks and 
Jemison for the northern Rocky Moun¬ 
tain region have been valuable, however, 
both m classifying fire danger on the 
basis of meteorological records alone, in 
the absence of fuel moisture data, and for 
evaluating the controls of fuel moisture, 
or the cause and effect relationsliips. 

The scientifically essential equilibrium 
relations between temperature, humidity 
and fuel moisture were first derived by 
Dunlap, of the IT S Forest Products 
Laboratory, for coniferous fuels in 1924 
and for hardwood forest leaves in 1931 
Hawley, of the same laboratory, con¬ 
tributed basic information concerning 
the laws of combustion by his summariza¬ 
tion of certain physico-chemical relations 
applicable to free-burning forest fuels 
The effect of fuel moistui e on the ease 
of Ignition and inflammability of the duff 
and litter comprising the forest floor 
under coniferous stands was early deter¬ 
mined 111 terms of common sources of 
ignition by Gisborne and Stickel The 
inflammability of dead branchwood, of 
green, curing and cured shrubs, grasses 
and weeds, and of combinations of fuels, 
the effect of slope and size of fire on rate 
of spread and many other factors of com¬ 
bustion, however, still remain to be deter¬ 
mined As yet, only at the California 
and Northern Rocky Mountain Stations 
have certain phases of these problems 
been brought into the laboratory for con¬ 
trolled examination by physicists and 
chemists 

(2) Fire Prevention 
The classification of fuels on a pyro- 
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THE PBTE8T RIVER FIELD LABORATORY 

OF THE NOKTHFRN ROCKY MOUNTAIN FOREST AND RANGE EXPERIMENT STATION, LOCATED ON THE 
KANIKHU NATIONAL FOREST IN NORTHERN IDAHO 


logical basis, by Hornby, and the deter¬ 
mination of effect of forest canopy den¬ 
sity on the inflammability of some of 
these fuels, by Jemison, have already 
given the forest executive sound princi¬ 
ples of immunization for bis guidance in 
the reduction of inflammable material 
along rights-of-way, around camp¬ 
grounds and on all areas exceptionally 
exposed to the causative agencies A 
much more efficient railroad engine spark 
arrester of the cyclone type, invented by 
a railroad master mechanic but not well 
accepted until proven by research-con¬ 
ducted tests at the Northern Rocky 
Mountain Station, has materially affected 
the prevention of railroad fires, with 
great benefits both to the railroads and 
to all forest protective agencies in the 
northern Rocky Mountain region On 
one national forest alone, use of this ar¬ 
rester by the transcontinental railroad 


crossing this forest has reduced the num¬ 
ber of railroad fires from an average of 
one fire per two trains in 1931 to about 
one fire per eight trains in 1936 and 1937 

Immunization by closure of forest 
areas, by smoking and camping regula¬ 
tions and public warnings has for several 
years in the northern Rocky Mountain 
region of the Forest Service been prac¬ 
ticed by using the fire danger measure¬ 
ments evolved by the Northern Rocky 
Mountain Forest and Range Experiment 
Station as the basis for this form of pre¬ 
vention The prediction of dangerous 
fire weather, recognized by the National 
Program as one aid to fire prevention, has 
been untouched by the forest experiment 
stations on the premise that such fore¬ 
casts are preeminently the field of the U. 
S Weather Bureau. 

Lightning, the single unpreventable 
cause of forest fires, has been studied by 
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the Weatlier Bureau and the Forest Ex¬ 
periment Stations in regions of high 
lightning danger, with resultant in¬ 
creased accuracy of forecasts as well as 
identification of dangerous versus safe 
characteristics of storms 
Forest fire insurance, an economic 
phase dependent upon local conditions of 
combustibility and the activity of the 
causative agencies, has been thoroughly 
investigated by Shepard, of the Pacific 
Northwest Experiment Station, with the 
finding that insurance rates need not be 
prohibitive in that region. 

(3) Fire Suppression 
The research attack here has been 
largely on two phases—danger measure¬ 
ment and fire control planning, analo¬ 
gous to diagnosis and disease treatment 
in medicine The major factors of fire 


danger were first identified and inte¬ 
grated into a numerical scale by the 
Northern Rocky Mountain Experiment 
Station, which adopted, for the intfgra- 
tion, a device called a danger meter 
Similar meters suited to local conditions 
have since been produced by the Lake 
States and Appalachian Stations, and a 
danger board employing tabular integra¬ 
tion has been designed by the Pacific 
Northwest Station The California and 
New England Stations are expected soon 
to utilize similar principles to aid diagno¬ 
sis of the current status of danger for 
their regions In all eases, the end- 
product IS a numerical rating of fire dan¬ 
ger, each class of danger signifying a 
specific size of fire control organization 
needed to furnish adequate protection 
The scientific procedure here has been 



A CORNER OF THE CHEMISTRY LABORATORY AT THE PRIEST RIVER STATION 

CUEMICAL ANALYSES AND CALORIE PER ORAM DETERMINATIONS ARE MADE AT 10 DAY INTERVALS, 
MAY TO SEPTEMBER, FOR NINE SPECIES OP OEA8SES, HERBS AND SHRUBS TO DETPRMINF THE EFFECTS 
OF GREEN VEGETATION ON FOREST FIRE DANGER 



THE PRINCIPAL METEOROLOGICAL STATION AT THE PRIEST RIVER BRANCH 

or THE NORTUKKN KOOKY MOtJNTAIN FOREST AND RANOP EXPERIMENT STATION TEMPERATURE, 
HUMIDITY, WIND VELOCITY, WIND DIRECTION, PRECIPITATION AND DURATION OP SUNSHINE ARE MEA 
SURED AND RECORDED AUTOMATICALLY BY INSTRUMENTS IN THE FORKOROUND AND AT THE TOP OF 


THE 150 FOOT TOWER 

Similar to that employed by Birkhoff’ in 
originatuig esthetic measures. Positive 
and negative elements, formerly left to 
personal selection and evaluation, and 
therefore dependent upon ‘‘the idiosyn¬ 
crasies of the individual mind,^^ have 
now been identified, measured, integrated 
and reduced to formalistic theory suscep¬ 
tible of verification or disproof Admin¬ 
istrative forest officers have contributed 
in many ways to this research, the inti¬ 
mate association of Forest Service admin¬ 
istration and research aiding especially 
the field trials for verification or disproof. 
Such trials are now in their fifth season, 
m the northern Rocky Mountain region, 
and in no case, as yet, have the ratings 
failed to identify the higher dangers 
1 G. D. Birkhoff, Scientific Monthly, April, 
1938, pp 351-357 


IN THE BACKGROUND 

which have in the past cost so much in 
area burned over and resources de¬ 
stroyed 

The second phase of fire suppression 
re§iearch, or fire control planning, w^as 
first studied by many administrative 
men, notably DuBois-* in California 
Silcox stressed the need for research 
analysis of this phase as early as 1916 
when he stated, “To approach anything 
like a satisfactory solution of the fire- 
protective problem, demands a clear 
thinking out of a plan or organization 
subdivided into its constituent, ele¬ 
mentary parts ’’ He identified these^sub- 
divisions as prevention, detection, control 
and finances, recognizing in the latter a 

2 Coprt DuBoig, * ‘ Systematic Fire Protection in 
California Forests ’' IT 8 Department of Agri 
culture (Not for public* distribution ) 1914 
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factor of basic importance which has 
since been frequently overlooked, and 
which has all too often been the major 
control of the prevention, detection and 
suppression action actually taken Show 
and Kotok followed Silcox with a re¬ 
search analysis of the California fire 
records evolving certain principles which 
determine ‘‘hour contror* or the speed 
with wliieh fires must be attacked Nor- 
cross and Norcross and Grefe contributed 
materially by their methodical treatment 
of the transportation elements basic to 
speed ot attack Hornby, of the North¬ 
ern Rocky Mountain Station, then devel¬ 
oped his principles of procedure, which 
embraced all the old and many new fac¬ 
tors and ^^hleh by its methodology 
brought such work clearly into the classi¬ 
fication of iorest pyrology 

Hornby’s principles of fire control 
planning have revolutionized m many 
respects and have universally revitalized 
the former “rules of thumb” and indi¬ 
vidualistic procedures of determining 
how many detection men, fire chasers, 
suppression crews, etc, should be pro¬ 
vided for any particular forest property 
Based upon the three definite funda¬ 
mentals—values at stake, occurrence rate 
and fuel types—Hornby’s procedures 
constitute a system reducing idiosyn¬ 
crasies of individual opinion to a near 
minimum They determine not only how 
many men are needed for each class of 
measured danger, but also where tliese 
men should be located, consequently, 
where all lookout buildings, guard sta¬ 
tions and many ranger stations should be 
built. These in turn determine the ter¬ 
mini of all roads, trails and telephone 
lines both to service this organization and 
to permit it to “cover” its property most 
effectively Efficiency of “coverage” in 
detection and suppression was improved 
by 20 per cent without increasing man¬ 
power requirements for 17,000,000 acres 
of the northern Rocky Mountain region 
Studies of minor phases of this “cover¬ 
age” were made at several other experi¬ 


ment stations, McArdle and Byram origi¬ 
nating a highly efficient eye test for 
lookouts; Buck and Fons taking the 
visibility problem into the laboratories 
of the California Station for investiga¬ 
tion, and Show, Kotok and others re¬ 
cently summarizing all features of fire 
detection in California Abell and Bee- 
man and many others gave particular 
attention to visible area mapping, basic 
to lookout station selection and so impor¬ 
tant m providing adequate detection at 
minimum cost 

Thorough investigation of chemicals to 
aid m fire suppression, an obvious oppor¬ 
tunity for research, has been commenced 
by the U S Forest Products Laboratory 
with the cooperation ot several experi¬ 
ment station and administrative units 
Results to date are promising for certain 



INFLAMMABILITY STATION AT THE PRIEST RIVER 
STATION THE MAN 'S RIOHT HAND POINTS TO THF 
WOOD CYLINDERS, HIS I Ft P TO THE DUFP HY¬ 
GROMETER SPIKE OF TUI* ANEMO HYOROORAPH, 
’IHE COVER OF WHICH HAS BFFN REMOVED TO 
SHOW THE CLOC'K DRIVEN WEEKLY CHART OTHER 
TYPES AND SIZES OF WOOD C\ LINDERS AND ONE OF 
THE FOUR LOOS USED IN STUDYING DISTRIBUTION 
OF MOISTURE IN WOOD ARE EVIDENT 
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fuel types, negative for others. The 
elimination of glow, and consequent re¬ 
kindling, seems to be the chief attribute 
of chemicals 

Studies of Are breaks as one control 
measure to prevent the unimpeded 
spread of fires and to constitute a battle 
front from which to work have been 
largely confined to California, the Lake 
States and the Southeastern States 
Chemicals for the permanent mainte¬ 
nance of fire breaks have been selected 
by the California Experiment Station, 
while the Lake States and Southern For¬ 
est Experiment Stations have made ex¬ 
tensive tests of machine methods of fire 
break construction determining the prin- 



FIHE DANOER METER 

FIRE DANGER FACTOR MEASUREMENTS ARE INTE 
GRATED INTO NUMERICAL CLASSES OF DANGER BY 
USE OF A SMALL DEVICE CALLFD A FIBF DANGER 
METER (in MAN’s HANd) THE CURRENT TREND 
OF BACH FACTOR, OF DANGER CLASS, AND OF SIZE 
OF THE PROTECTION FORCE ON DUTY ARE PLOTTED 
DAILY ON A DANGER CHART AT MORE THAN 120 
FOREST STATIONS IN THE NORTHERN ROCKY MOTTN 
TAIN REGION THE CHART ILLUSTRATED SHOWS A 
CASE OF POLICY OR FINANCES REDUCING THE PRO¬ 
TECTION FORCE EVEN THOUGH CURRENT DANGER 
HAD NOT DECREASED 


ciples of topographic location, width and 
depth of line and type of machinery 

(4) Fire Damage 

Thorough investigations of fire damage 
in the California region by Show and 
Kotok, the eastern and southeastern 
states by Abell, Harper, Lentz, Mc¬ 
Carthy, Nelson, Osborne, Stickel and 
others, and by Mitchell in the Lake States 
have definitely demonstrated that the 
obscure and indirect forms of damage are 
even greater than anticipated by the 
National Program The mere wounding 
of trees by fire not only depreciates butt- 
log values but eventually results in a liigh 
mortality due both to direct injury and 
to increased susceptibility to attack by 
insects and fungi In the longleaf pine 
region of the South temporary but com¬ 
plete exclusion of fire has been found 
essential to satisfactory pine legenera- 
tion Fires in turpentined stands of 
longleaf pine have been proven to be ex¬ 
tremely damaging to gum yields and 
cupping materials. Indirect damages, 
such as water shortage, floods down¬ 
stream from burned-over headwaters, 
and intangible or at least iinassessable 
damages to recreation and wildlife or loss 
of labor markets in a community, due to 
the destruction of merchantable and 
near-merchantable timber, are not yet 
included as they should be in the so-called 
damage valuations 

(5) Fire as an Agent 

Artificially induced but perfectly con¬ 
trolled fever has been recently recognized 
by the medical profession as a beneficial 
treatment for several human ailments. 
Well-controlled fire has likewise been 
found by several experiment stations to 
aid in the treatment of many forest ills 
In both medicine and forestry accurate 
diagnosis and perfect control of the treat¬ 
ment are essential The use of fire to 
immunize the forest against fire has long 
been advocated, but frequently the cure 
was more dangerous than the ailment. 
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Scientifically controlled use has been 
found by research at the Southern Ex¬ 
periment Station, however, to aid certain 
forest types, (a) as a tree seedbed, (b) 
as a source of game and cattle forage and 
(c) in the reduction of some forms of 
disease At the Lake States and Pacific 
Northwest Stations the beneficial uses of 
fire for fuel reduction have been weighed 
against the silvicultural damages, with 
the same conclusion as in the South, , 
fire should be used only by experts 

(6) Pkotection Standards 

The National Program states that “the 
justification for fire research is primarily 
111 it^ necessity for timber growing Sat¬ 
isfactory timber crops cannot be grown 
unless certain definite standards or objec¬ 
tives of protection are attained 

Silcox* Avas among the first to state one 
protection standard as, ‘‘that system of 
fire protection which will hold the area 
bnriied-over each year to approximately 
one-tenth of one percent of the total’’ 
protected Various other criteria such as 
percentage of class C fires, percentage of 
each timber type area burned annually 
and eontiol by 10 a m of the next burn¬ 
ing period have since been used as protec¬ 
tion standards None of these, however, 
is based intentionally upon all the soeial- 
ecouomic objectives of forestry None 
recognizes specifically the fact that for¬ 
estry “\Aorks with folks as well as with 
trees and trails” and that “after all, 
folks are more important than firs ” 
Since the National Program was written 
in 19‘2fi, the objectives of forestry have 
been greatly amplified, a beginning has 
been made in evaluating the social bene¬ 
fits ot forest protection, the value of for¬ 
est crops has been relatively minimized 
and the requirements of adequate fire 
control thereby very considerably ex¬ 
panded This broadened concept of the 
functions of forest land management 

‘»F. A Rikov, Jour Agr%c.f UnivorBity of 
California, Vol IV, No 3, 100-101, 1916 



DUFF HYGROMETKR8 

INVrNTRI) HPECiyiCAI.LY TO MBASIIRF THE MOIh- 
TURE CONTENT OP DEAD TBPP LEAVES AND TWIGS 
COVERING THF FOREST FLOOR. THE SENSITIVE ELE¬ 
MENT IK A PIECE OP RATTAN (PENCIL POINTS TO 
ONF) EXPOSED INSIDE THE VENTILATED SPIKE OP 
THE INSTRUMENT 

constitutes a new basis for the determina¬ 
tion of fire control standards which de¬ 
serves immediate and intensive research 

Conclusion 

As Bailey and Spoehr* have stated 

All natural Hciont'c is observational During 
tile earlier stages of its development, it con 
corned itself with describing and comparing the 
more obvious, complex, and grosser aggregates 

W Bailey and H A Spoehr, ‘*Tho Rdlo 
of Research in tlie Development of Forestry in 
North America P ix 118 pp The Macmil 
)an Company, New York 1929 



AN ELECTRICAL METHOD 

18 U8PD FOR MEASURING THE MOISTURE CONTENT 
AT VARIOUS DEPTHS AND ON ALL FOUR SIDES, TOP, 
BOl’TOM, EAST AND WEST, IN LARGE LOOS. 
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of matter and units of energy Through the 
analysis of large volumes of descriptive data, it 
succeeded in establishing many valid correlations 
between groups of phenomena. Subsequent 
search for actual causal relationships has led 
to the investigation of smaller and less complex 
oi* units, and natural science has re 
solved itself into a series of subdivisions, each 
of which deals with particular groups of phe¬ 
nomena and has developed its own specific ob 
servational technique 

Eesearch m forest pyrology, that sub¬ 
division of forest protection devoted to 
protection from fire, has in the past few 
years identified and isolated many of its 


particular groups of phenomena; devel¬ 
oped numerous specific techniques for 
measurement, analysis, integration and 
correlation; and has originated distinc¬ 
tive methods of immunization, detection, 
diagnosis and control fully comparable 
with those of many other recognized sub¬ 
divisions of science Forest pyrology is 
rapidly supplanting rule-of-thumb fire 
control and is now taking its proper place 
with the sciences of forest entomology 
and forest pathology for the better pro¬ 
tection of our forest resources 


LIGNUM-VITAE, THE TREE OF LIFE 

By Dr. JOHN C. GIFFORD 

PROFESSOR OF TROPICAL FORESTRY, UNIVERSITY OF MIAMI, FLORIDA 


Lionum-vitae —there is always an in¬ 
terest in, in fact, real history m a name 
The ^‘wood of life’’ and why? We ap¬ 
ply It to the hve-oak because it is con¬ 
tinuously green and virile, but in the case 
of lignum-vitae it was so called because 
it was at one time considered one of the 
most valuable medicines in all the world 
The gum of this wood has been in use 
since soon after the discovery of the New 
World, and its value as a medicine was, 
no doubt, learned from the Indians of the 
West Indies The wood once sold for 
many dollars a pound All the old medi¬ 
cal books recommended it highly for gout, 
tonsilitis, neuralgia, rheumatism and 
syphilis Now it IS hardly mentioned 
Its generic name, Ouamcum^ with four 
vowels in a row, is said to be of Canb 
origin The drug gnaiac is obtained by 
soaking the sawdust and chips in alcohol 
Tears form on the living tree where it is 
injured, and the oil can be secured by 
boiling the chips in water The species 
found on the Flonda Keys was named 
^‘sanctum’' by Linnc because he thought 
no doubt at that time that it was sacred, 
just as the Spaniards in the early days 


named cascara ‘‘sagrada.’^ The latter 
drug still holds and is probably the com¬ 
monest drug produced in the United 
States of North America, while lignum- 
vitae IS now hardly mentioned in a mod¬ 
ern materia mediea Perhaps it has 
virtue as a remedy Many old things 
have, and it is hardly likely that it would 
have been used for so long a time without 
some results 

One of the keys of Florida is called 
Lignum-Vitae Key because this tree was 
once plentiful there This key and In¬ 
dian Key were used by Dr Henry Per- 
rme for his introductions into Florida 
over a century ago, m fact, Indian Key 
was reputed to be the first port of entry 
in South Florida. I have found lignum- 
vitae on Big Pine Key, Key Largo and 
other Keys, but this interesting and valu¬ 
able tree is slowly passing Although 
extremely hardy, like many other things 
when it starts to go it goes In the battle 
with axe and fire any tree must produce 
an immense amount of seed in order to 
survive In spite, however, of a constant 
demand a tree noAv and then may still be 
seen in secluded places, The wood is still 
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TRUNK AND BARK OF LIGNUM VITAE. 


sold by the pound and is probably the 
most valuable of all commercial woods. 
Because of its toughness there is probably 
no wood with a greater variety of special 
peculiar uses Aside from medicine its 
earliest use was in the manufacture of 
sheaths of ship-blocks In the days of 
sailing vessels these blocks were essential, 
and we all know that for many years the 
woods by tidewater in Florida were used 
for ship construction by at least three 
nations, not to mention pirates and their 
kind that were outlaws I have no doubt 
but that the tidewater timbers of Florida 
were exhausted more than once by people 
of many nationalities who came and went 
Timbers of all kinds for ships must have 
been in demand for a long time There 
must have been a feeling of scarcity, 
otherwise they would never have estab¬ 
lished a live-oak reservation at Santa 
Rosa near Pensacola over a century ago 
Of all the special parts of a ship demand¬ 
ing special woods none was more impor¬ 
tant than the ship's blocks, through which 
the ropes could run easily and without 
the danger of breaking under stress 

Its modern use is of equal interest The 
steel ship has superseded the wooden ves¬ 
sel Propellers have replaced sails What 
is now the most important use of this 
wood is for bushing-blocks for propeller 
shafts of ocean steamships A wood must 
be tough to serve for such a purpose and 
the natural oil in the wood helps, although 
the constant turning of these great shafts 
under the w'ater of the ocean millions of 
times in covering many thousand of miles 
is one of the most trying services to which 
wood or any substance could be subjected. 

In the backwoods of Cuba many years 
ago I was showm a cannon of wood The 
natives were short of materials of all 
kinds except what their patches of cleared 
land and the surrounding forest pro¬ 
duced They bored a hole in a lignum- 
vitae log They wrapped this log with 
green rawhide. The hide in drying grew 
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tighter to help hold it together. They 
loaded it with bulleta of some kind and 
black powder of their own manufacture. 
Although they assured me that it had 
been successfully fired several times, I did 
not wait for a demonstration. 

To-day it serves for mallets, tenpin 
balls, castors for furniture, brush backs 
and a host of similar uses 

I have always admired this gnarled, 
round-headed tree Its wood fibers are 
interlaced in such a way that it never 
splits. It is short and stout and appears 
in the shade in mixture with other things. 
It 18 of slow growth and is often found on 
very poor hine rock The tree in some 
places looks as tough as its wood It has 
a compound leaf three or four inches long 
with the leaflets arranged in three or four 
pairs It IS often fresh green when other 
things have been seared by drought. 
Three or four flowers are produced at the 
ends of the branches They are under an 
inch in diameter but are delicate The 
petals vary in shades of blue It is a 
highly ornamental tree for the yard, and 
I have often thought that it would form 
a sturdy hedge The fruit is roundish, 
less than an inch m diameter and usually 
bright orange when ripe. Inside are 
black seeds covered with a scarlet coat. 

Prom the standpoint of use association 
through the years it has few, if any, peers 
As a plant for future use m landscape 
architecture and forestry in the tropics it 
probably should have an important place 
It is just one of those old-time trees m 
Florida which is slowly passing, unno¬ 
ticed and unsung Of course, over m the 
West Indies there are .still many trees and 
it will probably be a long time before it 
is completely exhausted, but in the state 
of Florida it will soon be a thing of the 
past unless rescued by those who are 
interested in the preservation of native 
things 
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OF LIQKUM-VITAE ALSO SHOWS IMMATURE 
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AN UNWRITTEN CHAPTER IN THE 
PHYSIOLOGY OF AGEING 

By Dr. A. J. CARLSON 

nUHK P. HXXOH P&orft8BO% OT PHYBtOIX>OY, UMXVX&BrTY OP OHIO^QO 


The information available to-day on 
bhe longevity and the cauBes of death in 
man, as well as in animals, indicates that 
the primary factor or factors in longevity 
are hereditary. That is to say, even if 
we had a total absence of infectious dis¬ 
ease, an optimum diet and ideal condi¬ 
tions for life and work, and even if we 
knew how much and how little physical 
and mental work is the optimum for 
longevity, man and animals would still 
grow old, grow feeble and die But there 
IS no doubt that were ideal environmental 
and dietary conditions obtainable, man 
would reach a longer life span than he 
does at present 

There is also some evidence, both in the 
case of man and of other animals, that 
this hereditary time-clock or power of 
living varies considerably in the different 
organs of the individual, and since all 
organs are more or less necessary for liv¬ 
ing, the weakest organ becomes the weak¬ 
est link and thus determines the life span 
of the individual. The primary heredi¬ 
tary nature of this organ time-clock is at 
present not readily differentiated from 
the factor of injury to individual organs 
by environment. The endocrine organs 
have by many been considered as such 
timers of the life span, and it is true that 
some of these, like the adrenals and the 
pancreas, if not the parathyroids, are 
absolutely necessary for life It is a curi¬ 
ous fact that the endocrines (the ovaries 
and the testes) that are by many laymen 
and many Ul-informed physicians consid¬ 
ered to be the primary time-clock of life 
and around which the whole pseudo¬ 
science of rejuvenation has been built up 
during the last generation, are appar¬ 
ently not one of the links that determine 


the life span of the individual In other 
words, there is no evidence that early 
castration or spaying shortens the life 
span or that the life span can be pro¬ 
longed by prolongation of the life of the 
gonads or by judicious administration of 
the hormones of these glands Of course, 
it is well known that the gonads deter¬ 
mine the level and duration of the period 
of life devoted to reproduction. 

One of the important systems or links 
in the life chain is the heart and the cir¬ 
culation, and in the majority of people 
who live beyond 60 or 70 years, there is 
definite impairment of the heart and cir¬ 
culation, and death due to such impair¬ 
ments mount very high at this period 
How much of this cardio-vascular failure 
in old age is the plain wearing-out of the 
hereditary machine and how much of it 
is due to the accidents of life, to infec¬ 
tions, to faulty diet, to over-work or 
under-work, to emotional over-strain is 
still an unwritten chapter in biology and 
medicine, to which should be devoted 
well-planned and long-time research. In 
exceptional individuals living to the age 
of one hundred years or more, the vascu¬ 
lar system at that period may still be 
adequate for the strain of life, and the 
cause of death may be an accidental in¬ 
fection of other systems, like the lungs 
But this 18 the important consideration 
m connection with the heart and the cir¬ 
culation • This system determines the ade¬ 
quacy of the internal environment, that 
IS, the blood in its relation to every tissue 
in the body. Consequently, any serious 
impairment or failure in the cardio¬ 
vascular system will be refiected as an 
impairment of the activities of every 
organ m the body, including that of the 
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resistance to disease and the efficacy of 
the several immunity mechanisms. 

Despite this primary hereditary time- 
clock of longevity as shown in plants, all 
species of animals, as well as man, there 
is no question that unfavorable environ¬ 
mental factors can themselves shorten the 
life span Indeed, it may be true, but we 
can not at present assert it as a general 
fact, that part of the hereditary factors 
m longevity consist in the capacity to 
overcome, resist or adjust to unfavorable 
environmental factors These unfavor¬ 
able environmental factors may be classi¬ 
fied largely in the following four groups 

(a) Infechons Some of these leave 
greater sears and impairments than 
others, but I know of no evidence to the 
effect that any infectious disease is favor¬ 
able to longevity 

(h) Diet We do not yet know what 
IS the optimum diet for health and lon¬ 
gevity at any age of man But there is 
no question that quantitative and quali¬ 
tative dietary deficiencies, if long con¬ 
tinued, impair many organs of the body 
and therefore probably shorten life. 
And all the evidence we have to-day indi¬ 
cates that overeating and under-exercise, 
in the physical sense, are also injurious 
To be sure. Professor McOay, of Cornell 
University, has in recent years shown 
that the life span of the white rat can be 
considerably prolonged when the animals 
are put early on a qualitatively adequate 
but quantitatively inadequate diet, so 
that their growth is retarded for one or 
two years But we are not as yet justi¬ 
fied in transferring these results on rats 
to the human species and keep our chil¬ 
dren retarded in growth until the age of 
thirty or thirty-five McCay’s experi¬ 
ments do tend to support the theory that 
the life span is determined in part by the 
rate of primary living, that is, the oxida¬ 
tive and the growth rates of the body 

(c) Work As with the diet, we do not 
yet know what is the optimum mental 
and physical work for the most complete 
realization of the hereditary potentiali¬ 


ties of longevity. No work at all seems 
to lead to adiposity and degeneration. 
Excessive physical work can apparently 
cause degeneration by exhaustion But 
as we have, at least in the case of many 
of the organs, tremendous factors of 
safety, much physical and mental over¬ 
strain can be indulged in for very long 
periods before life is jeopardized But 
this IS largely an unwritten chapter 
The chapter can not be written without 
further well-conceived and long-time 
research From the point of view of 
society and civilization, work is more im¬ 
portant than IS longevity for the indi¬ 
vidual, and efficient life is more impor¬ 
tant than long life I regard it high time 
that society concern itself serioudy with 
research on this problem 

(d) Poisons And lastly, we have the 
disturbing factors that may be briefly 
classified as the poisons of civilization I 
don’t refer to propaganda and hate and 
falsehoods and war I refer to the actual 
chemical poisons of civilization Our 
continued advance in chemistry, physics 
and engineering releases environmental 
conditions to which our forebears, pri¬ 
mate and animal, were not subjected for 
millions of years We have such things 
as alcohol in drinks, alkaloids in soft 
drinks, nicotine in tobacco, lead, arsenic, 
fluorine and other poisons on our vege¬ 
tables and fruits, toxic chemicals in our 
canned foods, new and injurious chemi¬ 
cals blown into the air we respire by the 
smoke that goes up nearly every chimney 
of civilization To-day we can recognize 
and diagnose and to a certain extent 
ameliorate acute and advanced chronic 
poisoning from such factors But what 
injury to our living machinery is pro¬ 
duced by these poisons of civilization 
before thus recognizable is one of the 
unsolved problems of medicine, society 
and government facing us to-day and 
to-morrow 

In brief, then, what is to be done about 
it? 
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The medical profession has its hands 
full, both to-day and to-morrow, in the 
matter of preventive medicine, m the 
way of prevention of infection, in pre¬ 
vention of dietary deficiencies and in 
prevention of over-strain, mental and 
physical. In this connection, we may 
note that an optimum environment is 
probably not attainable. The profession 
could and should take the lead in guid¬ 
ing society and government m the lines 
of research necessary for the wiser and 
healthier life of to-morrow 
The medical profession has a further 
duty in the line of education of our fel¬ 
low men along the line of practical real¬ 


ism and understanding of the nature of 
life and disease Physicians stand ac¬ 
cused of being the mam agency in the 
present-day civilization of preservmg 
unfit human beings Maybe they should 
pay a little more attention in the direc¬ 
tion of better environment for those best 
fitted by heredity At present a discus¬ 
sion of eugenics is largely academic. 
Society is not ready for it. We probably 
do not know enough to enforce the prm- 
ciples wisely, but there seems little doubt 
that eugenics could and should eliminate 
reproduction m individuals with the 
weakest hereditary time-clocks in their 
make-ups. 


HIGH BLOOD PRESSURE 

By Dr. EDWARD J. STIEGLITZ 

GARRETT PARK, MARYLAND 


What is this thing called ‘‘high blood 
pressure ’ ’ f The term lies glibly on many 
tongues Business men discuss it at lunch 
or in the club locker rooms, women tell 
of their blood pressure at bridge or sew- 
mg circles. A fascinating subject, made 
even more alluring by unconscious and 
misleading superficiality, for almost all 
the “facts” and fancies discussed are 
woefully wrong. The most ponderous 
oracular utterances by the elder at the 
club may be impressive, but they fail 
utterly to approach the truth of the 
matter There are more false notions in 
the air than birds Even among physi¬ 
cians there is a deplorable lack of under¬ 
standing of the many aspects and prob¬ 
lems of hjrpertension, popularly called 
high blood pressure. It is sadly true that 
our knowledge is still incomplete, but we 
can, at least, set straight that which is 
known, 

America has become blood pressure con¬ 
scious through its pocketbook. If the 
approach to a man^s heart is through his 
stomach, then certainly the approach to 
the American mind is via its wallet. The 


one thing, more than any other, which 
drives home the importance, if not the 
significance, of high blood pressure to a 
business man is his rejection as a risk 
for life insurance And life insurance 
companies are tightening their require¬ 
ments and becoming increasingly unre¬ 
lenting in these rejections Of all diseases 
to which adult man is heir, the “cardio¬ 
vascular-renal diseases” (namely, that 
group including heart exhaustion and 
diseases of the arteries and kidneys) 
are the most frequent cause of death to¬ 
day Heart disease is very often but a 
part of a generalized disturbance of which 
high blood pressure is the major warn¬ 
ing Sanitation and preventive medicme 
have done much to advance life expect¬ 
ancy, and as a result the illnesses and 
disturbances of middle and later life are 
of constantly increasing frequency. With 
every child saved fiom typhoid fever, 
“summer complaint” or diphtheria there 
is another adult potentially a victim for 
these disturbances. Census data 
reveal ^ramdual but appreciable shift in 
the aVtnh of our population to- 
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ward the older age groups; there are pro¬ 
portionately more people of 50 years or 
more now than there ever were before. 
The rapid pace of present-day civiliza¬ 
tion, the augmented complexity of exis¬ 
tence and the anxieties of the competitive 
struggle to find security in a rapidly 
changing experimental social structure 
emphatically contribute to the excessive 
wear and tear so responsible for many 
premature deaths 

But the true tragedy of hypertension 
lies not alone in its frequency, not in its 
silent insidiousness nor in its ultimately 
high mortality, but m its misfortunate 
selection of victims 

The incidence of hypertension is in¬ 
creasing It is difficult to determine 
accurately In American males under 
forty-five years of age the incidence of 
hypertensive disease is m the neighbor¬ 
hood of 8 to 10 per cent. Above this age 
the frequency rises sharply for both 
sexes, so that in the sixth decade the fre¬ 
quency IS of the order of 30 per cent of 
the population Hypertensive disease is 
characteristically a disease of those whose 
energy, productive imagination and 
sense of responsibility make them most 
valued citizens In an age where more 
than ever before the fundamental and 
irrevocable laws of nature are being vio¬ 
lated by gallantly chivalrous and politi¬ 
cally motivated paternalistic aid for the 
relatively unfit, the survival of the spir¬ 
itually, intellectually and physically fit 
becomes increasingly jeopardized The 
workers shall labor for the drones A 
wise policy, perhaps, in a community of 
bees or ants, but archaically naive and 
stupidly short-sighted in a civilization 
composed of presumably thinking men. 
The deliberate and consciously induced 
disrespect for the wisdom and experience 
of age gives the fresh impetus to the ar¬ 
rogance of ignorance and violence to the 
demands of short-sighted selfishness. 
Witness the almost incredibly rapid 
spread of the insolent phrase ^^the nine 


old men” and the truly vicious teaching 
of the implied disrespect. 

Hypertension, although most frequent 
among the true aristocracy of doers and 
givers-to-humanity, is not limited to any 
one class of men. It appears, mcreas- 
ingly, in all walks of Me The free 
clinics and dispensaries of our large 
medical centers are overburdened with 
derelicts, incapable of work if it were 
available, whose disability arises from 
high blood pressure Although more fre¬ 
quent and usually more rapidly progres¬ 
sive in men, it is a common problem in 
women, particularly at or after their 
‘‘change of life ” Hypertension is a 
most vital problem in pregnancy and is 
never to be taken lightly, it is a part of 
those poisonings of pregnancy which 
cause about one fifth of all our maternal 
deaths. 

The mortality of hypertensive disease 
IS high, although the course of the disease 
is usually slow and silent over a period 
of many years Conservative estimates 
place the annual number of deaths in the 
United States, from this one cause alone, 
at over 150,000 Although numerous 
persons with hypertension live many 
years in apparent health, the average life 
expectancy is greatly shortened The dis¬ 
ability attributable to this silent and un- 
obtrasive assistant to the Great Reaper 
18 even greater cause for our concern. 
Many patients with high blood pressure 
live for years as partial or total mvalids, 
a burden to themselves and to those about 
them, and with the threat of sudden death 
ever before them High blood pressure is 
responsible for the great majority of heart 
invalids over fifty years of age Fur¬ 
thermore, approximately one fifth of the 
deaths result from apoplexy and many 
more patients have non-fatal but dis¬ 
abling strokes 

All this presents so truly alarming and 
pessimistic a picture that one is tempted 
to adopt a futile fatalism as the easiest 
way out That would be utterly wrong 
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There are other sides to the picture (as 
there always are and as can always be 
found by conscientious search for truth, 
except by misguided zealots with pre¬ 
conceived notions, who must close their 
eyes and minds to all which does not coin¬ 
cide with their fancies) The rate at 
which the disease progresses varies greatly 
m different individuals Its course, even 
when neglected, is painless and often so 
slow that it progresses over twenty years 
or more before tragedy intervenes If dis¬ 
covered relatively early, hypertensive dis¬ 
ease can usually be controlled and thor¬ 
ough and competent medical guidance can 
add many useful, happy years to the span 
of life It is the very painlessness of the 
disorder which makes it dangerous, for 
it encourages neglect and postponement 
of the careful study necessary for ef¬ 
fectual medical management Then, 
when it is too late, when the damage done 
is irrevocable and irreparable, the patients 
expect, nay, even often demand, that the 
physician casually shake a miracle from 
his sleeve ’ 

But, you may well ask, what is high 
blood pressure ? How does it come about ? 
Why does it occur? Are all instances 
similar? How does it cause damage? 
What are its consequences? What can 
one do about it and how effective is this 
doing? We shall try, within the limits 
of a non-technical exposition, to attempt 
to answer some, if not all, of these ques¬ 
tions and disabuse the vague, misleading 
and semi-superstitious misconceptions 
now so prevalent. 

Firstly, let us correct the most common 
fallacy High blood pressure is the 
result of ‘‘too much blood ” The te¬ 
nacity with which this untrue idea is 
retained in the popular mind probably 
relates by association to the ancient but 
misguided treatment by bloodletting Al¬ 
though hypertension is by no means a 
“new’’ disease, its recognition is rela¬ 
tively recent It is only smce about 1900 
that practical, simple and accurate meth¬ 


ods of measuring the blood pressure in 
man were contrived About seventy 
years earlier the first more clumsy and 
incomplete instruments were devised. As 
knowledge concerning the mechanisms of 
the circulation gradually accumulates and 
truth slowly comes out of darkness, it is 
realized that much of the previously ac¬ 
quired “information” is false and mis¬ 
leading and must be discarded and a fresh 
start made It is not easy to unlearn 
errors It can be said that the data and 
ideas concerning hypertension which 
antedate 1905 are largely valueless, al¬ 
most all our present understandmg has 
been arrived at in the last thirty years, 
and to-day, as always, these concepts are 
in a continuous state of flux and revision 
What we use as true to-day may be proved 
wrong to-morrow But in the meantime 
we must use these tentative truths as 
tools to make better ones 
To outline the mechanisms of hyper¬ 
tension, or high blood pressure, it is 
necessary first to explain briefly some¬ 
thing of the normal processes of the cir¬ 
culation Disease does not involve new 
processes, but exaggeration or distortion 
of the normal mechanisms The purpose 
of the circulation is to supply all the cells 
of all the tissues of the body with food, 
building material and fuel The fuel is 
oxygen, taken up by the blood in the 
myriad of air saclets of the lungs, and 
food materials from the intestinal canal. 
In order to reach all the cells, these final, 
finest delivery channels or vessels must 
be extremely small and ramify in a close 
meshwork so that no one cell of the body 
is at any great distance from a vessel 
Such minute ducts are called “capilla¬ 
ries” and correspond to the by-streets, al¬ 
leys, courts, passages, water pipes and 
sewers of a colossally gigantic city so that 
each and every “inhabitant” thereof 
may receive his share of nutriment and 
get rid of the garbage of his existence. 
Just how many million miles of these 
minute vessels exist in a man has never 
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been computed. Of necessity the walls 
of the capillanes are exceedingly thin to 
permit of ready and rapid transfer of 
oxygen and food from the blood to the 
cells and vice versa, transfer of debris 
from the cells to the blood 
Between these tmy, microscopic chan¬ 
nels and the larger, visible, thick, pulsat¬ 
ing arteries such as those we may feel at 
our wrist and which may be compared 
with ‘^iltra superhighways’^ of the colos¬ 
sal community of cells, there are many, 
many miles of ^‘through streets” or 
arterial highways” whose average size 
is such that from 400 to 800 of them side 
by side would be an inch thick These are 
called' * arterioles ’ ’ or little arteries. The 
arterioles serve several purposes, each 
vitally essential to the body Their walls 
are relatively much thicker than those of 
the capillanes The walls are largely com¬ 
posed of muscle cells which lie wrapped 
about the bore of the vessel in close spiral 
formation. These muscle cells resist 
stretching and therefore give strength to 
the vessel walls, and they also may con¬ 
tract, narrowing the bore of the tube. 

The arterioles have, in addition to the 
usual function of bemg smooth ducts to 
carry the blood, two fundamentally im¬ 
portant activities. They interpose a dam 
between the indispensably higher pres¬ 
sure and rapid flow of blood in the arter¬ 
ies and the low tension and necessarily 
leisurely movement of the blood in the 
swamp-like channels of the capillanes 
Behind this dam of arterioles the pressure 
of the blood is considerable, below it low 
Therefore, they are a potent force in 
maintaining the arterial pressure and in 
preventing collapse of the circulation 
It becomes obvious how inadequate is 
the term blood pressure,” for at differ¬ 
ent levels of the circulatory tree the pres¬ 
sures are different. We can and should 
speak and think of ”capillary pressure,” 
”arterial pressure” or ”arterial tension” 
and “venous pressure,” to be clearly pre¬ 
cise The terms “blood pressure” and 


“high or low blood pressure” have, by 
usage, been used to designate the arterial 
tension, but such usage is loose, confus¬ 
ing and undesirable. To mamtain a nor¬ 
mal and adequate circulation in the capil¬ 
laries IS the prime motive of all the rest 
of the circulatory machinery, and to do 
this a suflBcient head of pressure in the 
arteries is necessary. This head of pres¬ 
sure 18 sustained by the propulsive force 
of the heart on the one side and the 
peripheral resistance offered by the mi¬ 
nute spiral muscle cells in the walls of 
the arterioles on the other Other factors 
enter into this conflict of forces, but they 
need not concern us here Death quickly 
intervenes if the tension is not main¬ 
tained To say “Have I a blood pres¬ 
sure?” is as ridiculous as to ask, “Must I 
breathe?” It is only when the pressure 
becomes abnormally high or abnormally 
low that it becomes a menace. 

The second auxiliary function of the 
arterioles is to control the dtsiributton of 
the Hood, The demand for blood on the 
part of the cells is not a constant require¬ 
ment, but varies with the amount of work 
being done. For example, after a meal 
there is a greatly increased demand for 
blood in the organs of digestion; with 
walking or running the leg muscles re¬ 
quire many times the amount of oxygen 
they use at rest, or on thinking the brain 
consumes much larger quantities than 
during sleep These perfectly normal 
fluctuations or “rush hours” are taken 
care of by the arterioles during digestion 
the vessels m the stomach and intestines 
relax and the flow of blood through the 
capillaries is greatly increased As this 
happens there occurs a compensatory con¬ 
striction of the arterioles elsewhere in the 
body and the circulation as a whole is but 
little disturbed As the “rush hour” of 
digestion demands an appreciably larger 
share of the supply of blood, other struc¬ 
tures must get less at that time This 
explains the drowsiness which comes over 
us after a hearty meal or the inability to 
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exert violently during digestion. To at¬ 
tempt severe mental or physical work 
during digestion invites inefficiency for 
both the digestion and mental or muscular 
activity. 

Thus the arterioles are in a constant 
state of variation and adjustment of the 
blood flow, both locally and generally 
Their muscular walls are continually re¬ 
laxing or constricting slightly to maintain 
an equitable distribution of blood to the 
tissues. The tone or degree of tension in 
the spirally arranged smooth muscle cells 
of the arteriolar walls is under the con¬ 
trol of a complex meshwork of automatic 
nerves There is no conscious control of 
the vascular tone, nor any consciousness 
of the state of tension within the vessels 
Thus it IS possible that an individual may 
be walkmg about with a blood pressure 
of twice the normal and still not be con¬ 
scious of it. 

Of the almost innumerable illustrations 
of arteriolar activity which might be cited, 
two will suffice The old-fashioned blush 
is nothing more or less than a temporary 
relaxation of the arterioles of the face and 
neck so that there is a transient increase 
in the flow of blood under the skin and 
hence the red hue Blanching on ex¬ 
posure of the skin to cold is its converse 
The ‘‘angry red” zone about a localized 
infection such as a pimple or small boil 
is due to arteriolar relaxation in that area, 
this fulfills the purpose of bringing more 
blood to combat the invading bacteria 
In both these illustrations the change in 
caliber of the arterioles occurs in limited 
areas and because of the balancing con¬ 
striction of arterioles elsewhere in the 
body there is little or no appreciable 
change in the general circulation, the 
blood pressure is unaltered 


Increase in the blood pressure anses 
from a generalized increase in the tone or 
constriction of myriads of arterioles In 
the development of the disease of which 


increased blood pressure is the major and 
characteristic change, there is, at first, a 
gradual and intermittent increase in ar¬ 
teriolar tone As the arterioles constrict 
slightly the blood flow in the capillaries 
IS diminished and, simultaneously, the 
resistance to the flow of blood from the 
arteries is increased It is as though 
there were a partial closing of the sluice 
gates of a dam So, behind the arterioles 
the circulation is lowered The greater 
the constriction or obstruction the higher 
the arterial pressure and, what is more 
important, the poorer the flow of blood 
in the tiny but life-sustaming capillary 
networks 

As hypertension first develops, the 
constriction of the arterioles is intermit¬ 
tent and variable; the blood pressure 
frequently is quite normal but rises to 
higher levels temporarily. It is normal 
that the blood pressure vary under cer¬ 
tain circumstances such as anger, effort, 
fear and the like, but in these individuals 
the rise is exaggerated These more 
violent fluctuations are extremely im¬ 
portant , they forewarn that in the future 
the pressure will tend to remain at higher 
levels and that the temporary ascensions 
will become greater and greater We 
can now see why a single, isolated obser¬ 
vation of the blood pressure can be dan¬ 
gerously misleading, neither a single 
normal reading nor a single observation 
of elevated tension is significant until we 
know what the average and habitual be¬ 
havior of the blood pressure is under 
varying circumstances It is as though 
we were to conclude that the pulse is per¬ 
fectly normal because it is found so after 
an hour^s nap, after exertion or excite¬ 
ment it might behave most outrageously 

With the passage of time the mcreased 
tone of the arteriol es becomes more and 
more continuous; the minute muscle cells 
are more and more constantly contracted 
and the caliber of the arterioles persist¬ 
ently narrowed Now the blood pressure 
IS more unceasingly elevated Struc- 
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tural changes in the arterioles begin to 
take place Use stimulates tissues to 
grow Exercise causes greater develop¬ 
ment of muscle. Thus the arteriolar 
walls gradually become thickened by 
growth of the tiny muscle cells; they be¬ 
come both larger and more numerous 
As the arteriolar walls become stronger 
their ability and tendency to constrict 
becomes greater, so that the increase in 
tone is further enhanced. A vicious 
circle IS engendered The arterioles are 
now constantly somewhat narrowed and 
at the slightest excuse they contract still 
further Thus the blood pressure is con¬ 
tinuously increased but subject to acute 
and often rather violent fluctuations still 
further upward 

But it IS characteristic of muscle cells 
that they are not adapted to continuous 
contraction Muscles function elBBciently 
only when their contraction is intermit¬ 
tent This IS quickly demonstrated by 
the difBculty encountered on holding 
one’s arm horizontally for any length of 
time; fatigue quickly ensues Whereas 
one may lift and lower the arm many 
times without exhaustion, continuous ele¬ 
vation soon becomes irksome because of 
muscle weariness The contmuousness 
of the arteriolar contraction gradually 
and almost imperceptibly causes fatigue 
and then exhaustion of the muscle cells 
As this continues, a few muscle cells in 
the arteriolar walls become exhausted 
and die Their places are taken by scar 
tissue This scar tissue is neither elastic 
nor does it have the power to contract as 
does muscle. The tiny arterioles become 
stiffened and narrowed; the blood pres¬ 
sure is continuously raised to high levels 
because of this obstructive narrowing of 
the sluice gates. This latter type of 
change in the arteries (arteriolarscle- 
rosis) is peimanent and irrevocable. 

This then is what happens with long- 
continued high blood pressure The 
whole progression takes years to develop 
to the point where the scarring of the 


arterioles is advanced and unchangeable. 
It may be twenty or more years from the 
beginnmg of the disturbance, in some 
few especially violent and rapidly ad¬ 
vancing cases but one to three years 
elapse All grades of severity and rates 
of progression are found. The almost 
imperceptibly slow march of events is 
tenaciously persistent. There is no ten¬ 
dency toward arrest of the advance. It 
is free from pain throughout Usually 
there is no consciousness of any appreci¬ 
able change 

Why then be concerned with efforts to 
arrest the progress of this silent, painless 
disease which is so harmless in the early 
stages? Because it is only m the early 
stages that anything can be accomplished, 
and because, when the damage is done 
to the vessels, the patient is m constant 
jeopardy It is then too late to perform 
miracles Thus the very essence of the 
problem is early discovery, early treat¬ 
ment to arrest advance and prevent or, 
at least, greatly postpone, the ultimate, 
inevitable termination 


Recalling, for a moment, the descrip¬ 
tion of what bodily changes take place 
to create an increase in the blood pres¬ 
sure, we are conscious of the disintegra¬ 
tion of certain popular myths and false 
ideas Firstly, it is clear that thickening 
of the arterioles is less the cause of high 
blood pressure than the result thereof. 
Secondly, the disease is not one of the 
blood, but of the arteries and arterioles 
Hypertension is not the disease; it is a 
symptom or sign of the affection of the 
vessels The term “hypertensive arterial 
disease” is particularly apt. It is of 
great importance, for the sake of clarity, 
to distinguish the one from the other; 
they are much confused even among phy¬ 
sicians Hypertension, or the state of 
high blood pressure, may exist without 
the disease, under conditions of tempo¬ 
rary arteriolar constriction The disease 
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develops only after the increased tension 
of the vessels has continued long enough 
to induce the aforementioned changes 
therein. 

Thirdly, it becomes evident why early 
in the course of the disorder the blood 
pressure is extremely variable (during 
those phases where the arteriolar muscle 
IS growing under the impetus of increased 
activity) and quite fixed” later when 
scarring of the vessels has occurred The 
“fixedness” of the blood pressure is a 
better guide to the condition of the ves¬ 
sels (the essential question) than the 
mere height of a single measurement It 
may be a most desirable omen that the 
blood pressure fluctuates widely 

Fourthly, we have seen that a great 
deal depends upon the character and 
quality of the arterioles. It was in this 
connection that the great Sir William 
Osier used the expression, “the quality 
of the rubber ” The toughness of this 
arteriolar “rubber” to withstand the re¬ 
peated shocks and insults of existence 
and the increased burden imposed by 
hypertension largely determines how long 
it will last. That the ^‘rubber” is not all 
that it might be in instances of hyperten¬ 
sive arterial disease is shown by the fact 
that hypertension develops That is m 
itself evidence of inherent weakness or 
vulnerability This vulnerability takes 
the form of increased responsiveness to 
stimulation or irritation Irritants 
which have little effect on normal per¬ 
sons cause exaggerated constriction of the 
arterioles in those “vulnerable” ones who 
develop hypertension This susceptibil¬ 
ity is inherent and permanent, it is as 
much part of these people as are the color 
of their eyes, their tastes or the shape of 
their hands It is essential that this be 
kept in mind, because, although one may 
arrest the progression initiated by one 
source of irritation, that does not prevent 
recurrence of the disturbance from other 
sources. The vulnerability of these pa¬ 
tients permits of frequent recurrences 


and exacerbations or “flare-ups” of the 
hypertension It is as a turned ankle, 
more likely to be sprained again, even 
with relatively little msult. 


Two of our questions are now an¬ 
swered WeVe seen what high blood 
pressure is and how it comes about But, 
why does it occur f That is not as readily 
explained It is so easy to ask “what is 
the cause of high blood pressure!” and 
so diflBcult to give a scientifically satis¬ 
factory answer that most physicians 
shelve the whole problem by replying 
“The cause is unknown ” That is not 
true Much, but by no means all, is 
known In recent years there has been 
considerable progress made toward the 
solution of this vexing problem Scien¬ 
tific progress is slow, and is the product 
of many minds and labors Exploration 
into the unknown realms of science (and 
this applies not only to medicine and bi¬ 
ology, but to all science), is a matter of 
cooperative effort by many workers, each 
taking but one step forward at the time, 
the combined steps into the gray void of 
Ignorance slowly bring light thereto, and 
the unknown becomes clear There are 
few whose vision penetrates far through 
the haze, nature's secrets are well 
guarded by a shroudmg mist or fog and 
through this mist we must penetrate, 
checking and rechecking each slow for¬ 
ward step so that false assumptions may 
be avoided. That a few are gifted with 
penetrating vision to see far through the 
haze and open whole new continents of 
thought and knowledge is the inspiration 
of the many workers. Darwin was one 
such, Pasteur another To venture into 
the realm of the scientific unknown is to 
combat fog Fog is the occasional lot of 
the geographic explorer, in other forms 
it is the usual and habitual handicap of 
the biologist. Fog is all-enveloping, gray, 
almost impenetrable, distorting distance 
and size and shape. The infinite varia- 
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tion that occurs in life makes generaliza¬ 
tions extremely hazardous. 

It is false logic to assume that there is 
but one cause of high blood pressure 
There are many There always are. 
Events and consequences, be they disease 
of man, economic waves of lavish pros¬ 
perity or desolate famine, wars, tyranni¬ 
cal exploitations of whole nations or the 
petty scandals of the crossroads, result 
from the mteraction of many forces, some 
recent, some passed, some apparent, even 
obvious, and others, darkly obscure. To 
deny the existence of these forces which 
are obscure just because we, as yet, can 
not see them all, is worse than folly, it is 
prostitution of our heritage of intelli¬ 
gence. 

Hypertension may be likened to the 
breaking of the camel’s back. The fable 
says it was the last straw which broke its 
back, ignormg the equally important 
weight of all the other straws! And the 
previous load may not have been straw at 
all, but bricks or hay or dates I To un¬ 
derstand the ‘‘why” of disease (and cer¬ 
tainly a broken back is a major illness) 
the first essential is to recognize the in¬ 
finite possibilities of multiple insults and 
that each and every example may have a 
different set of injurious factors. 

Many of the causative factors respon¬ 
sible for high blood pressure are known 
They fall into three categories—predis¬ 
posing, provoking and perpetuating fac¬ 
tors. This classification of causative in¬ 
fluences IS applicable to any disease. For 
example, although we know that influenza 
IS ‘‘due to an infection” we also have 
come to realize that even more significant 
is the depletion of the patient’s resistance 
through fatigue, exposure, anemia and 
the like, prior to the exposure to the 
microbes. It is this depletion of resis¬ 
tance which makes possible the invasion 
by the infecting agent Or, we may take 
as an example the problem of flood con¬ 
trol, if the dykes or levees are in good 
repair no flood will occur unless the nse 


in the water is extraordinarily high, 
whereas a small rise in level will cause 
floods if the dyked banks are weakened 
through neglect 

In hypertension the predisposing fac¬ 
tors are of the greatest importance To 
repeat Sir William Osier’s quotation, 
much depends upon ‘‘the quality of the 
rubber ” The hereditary and familial 
background determines this. Hyperten¬ 
sive arterial disease frequently ‘‘runs in 
families ” It is not implied that the dis¬ 
ease itself is transmitted by heredity: the 
vulnerability is inherited. That is why 
physicians take the pains to mquire into 
the ‘‘family history” despite the usual 
incompleteness and inaccuracy of such 
information Most of us are woefully 
Ignorant of the medical aspect of our 
family background. I wonder how many 
of us can accurately state the cause of 
death of all four of our grand-parents. 
I know that among my medical students 
only about 10 per cent can answer that 
question. And yet that represents but 
two generations back. Breeders of fine 
animals know all too well how inadequate 
such brief genetic history would be in 
developing superior stock. The absence 
of known evidence of arterial disease is 
no proof of absence of the disease Nega¬ 
tive evidence is never proof. Because 
John can’t find his collar button does not 
prove the collar button doesn’t exist 

Personality has considerable bearing 
upon the occurrence of high blood pres¬ 
sure. Nervous control of the arterioles, 
although automatic and not under con¬ 
scious or “voluntary” control, is mark¬ 
edly affected by the status of the higher 
nervous centers. Fatigue is a curious 
two-edged phenomenon; it may depress 
as it approaches exhaustion or it may 
stimulate by reducing the affectiveness of 
a balancing mechanism. It is most diffi¬ 
cult to appraise fatigue of the nervous 
system. 

The hjrpertensive individual frequently 
conforms to a characteristic personality 
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pattern. It is extraordinarily perplex¬ 
ing as to whether certain psychic char¬ 
acteristics are responsible for the develop¬ 
ment of hypertensive arterial disease or 
are a result thereof. Probably both re¬ 
lationships are true The typical hyper¬ 
tensive personality is aggressive, enthu¬ 
siastic and active. These people are 
doers, are forceful and restlessly ambi¬ 
tious. They tend to work continuously, 
knowing not the value of mental relaxa¬ 
tion, for they are obsessed with a conspic¬ 
uous singleness of purpose Absorbing 
hobbies are shunned as being ^^a waste 
of time*’ rather than being recognized as 
valuable. Games are taken seriously and 
with the typically American intensely 
combative spirit of competition Fre¬ 
quently the ardent will to win leads to 
eminent success in their chosen careers, 
but this is accomplished at an extrava¬ 
gant cost in physical depletion These 
personalities resent inactivity and delay; 
calm adaptation to the irritations of ex¬ 
istence IS replaced by a shortened, explo¬ 
sive but effervescent temper Whenever 
things go wrong they must ^*do some¬ 
thing.” Characteristically, they are 
keenly conscious of responsibilities and 
appear to seek additional burdens They 
are temperamentally “habitual worri¬ 
ers”; this is the most common trait 
They are not truly pessimistic nor tran¬ 
quilly fatalistic. 

The most significant and frequent 
characterLstics are the tendency to habit¬ 
ual worry, the increased consciousness of 
responsibilities, the consuming anxiety 
for success and the inability to relax It 
IS consequential that all these outstand¬ 
ing psychic traits contribute to fatigue 
Such fatigue of the nervous system may 
be a potent factor both in predisposing 
toward hypertension and in the perpetu¬ 
ation of the processes in constitutionally 
vulnerable individuals 

There are countless provoking factors 
which may start the arteriolar constric¬ 
tion of hypertensive disease. The initiat¬ 


ing factors include “anything which, over 
a long period of time, irritates or stimu¬ 
lates the arterioles ” Such an inclusive 
statement requires amplification Almost 
invariably there are several super-im¬ 
posed sources of injury to the arterioles 
Each and every case of hypertensive dis¬ 
ease presents a new and individual prob¬ 
lem in finding the causative influences. 
We know of many of these factors, but 
not all Therefore, it comes about that 
occasionally one must, even after careful 
study, admit that the cause is undiscov¬ 
ered But that does noiy as so many de¬ 
featists declare, imply that there is no 
cause 

The known provoking factors group 
themselves into several categories • Infec¬ 
tious factors, chemical poisonings from 
without, chemical poisonings from within 
and nervous factors Among the infec¬ 
tive factors two stand out preeminently. 
There are influenza and long-neglected 
foci of infection such as at the roots of 
teeth, in tonsil stubs, chronic sinus infec¬ 
tion and the like. In such instances it 
IS not so much the intensity of the infec¬ 
tion as its long duration which is impor¬ 
tant Influenza or la grippe is a treach¬ 
erous and misleading malady. Its most 
characteristic attribute is that its seque¬ 
lae or “hangovers” are all out of propor¬ 
tion to the apparent severity of the acute 
illness A few days of seemmgly mild 
“flu,” with perhaps but 48 hours of 
fever, is followed by four to eight weeks 
of both mental and physical lassitude and 
weakness As one patient put it to me: 
“The limp dish-rag feeling ” These are 
but the obvious consequences of “flu”; 
far more important are the silent, insidi¬ 
ous injuries to the vital structures such 
as the heart, kidneys or blood vessels 
Here again the phy^^ician is frequently 
led astray by unintentional misinforma¬ 
tion; the hypertensive patient has sin¬ 
cerely forgotten, and thus failed to men¬ 
tion, the “mild” attack of “flu” which 
laid him abed for three or four days some 
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years previously And such latent in¬ 
jury is far more likely to those of the 
hypertensive personality; their restless 
ambition is so short-sighted that it does 
not permit them to take adequate time 
for convalescence and repair after an 
acute infection 

Among the chemical sources of injury 
to the arterioles arc lead and arsenic 
Mild degrees of chronic lead poisoning 
are far more common than is generally 
realized. It is not limited to industrial 
workers Unwise dietary habits may 
play a role, particularly significant are 
the abuse of condiments and spices and 
an habitually insufficient intake of water 
The ‘‘hot*’ oils of the spices which burn 
our tongue also irritate the arterioles and 
the kidneys, although we don’t feel their 
smarting there The highest arterial ten¬ 
sion I observed (360 millimeters of mer¬ 
cury) occurred in a young woman who 
had, for several years, consumed two to 
four bottles of Worcestershire sauce per 
day, undiluted She liked it, but it con¬ 
tributed to her most untimely end. 
Other dietary factors arc less important 
but may contribute if far out of line with 
the normal balanced ration Alcohol is 
rarely a factor In a few instances to¬ 
bacco may be productive of arteriolar 
irritation, in certain susceptible individ¬ 
uals The susceptibility to tobacco smoke 
18 extremely variable 

Illustrative of chemical injuries ansing 
from withm are certain distortions of the 
glands of internal secretion (high blood 
pressure arising at the change of life in 
women is quite frequent), the poisonmgs 
associated with kidney injury, the chem¬ 
ical imbalance that may accompany preg¬ 
nancy and last, but not least, fatigue 
Fatigue should be considered as much a 
poisoning or intoxication as inebriation, 
only it IS hidden both from the sufferer 
and those about him. Long-continued 
nervous and physical fatigue m consci¬ 
entious individuals, continuously and 
keenly conscious of their many respon¬ 


sibilities, is a factor which can not be 
Ignored Thus it is that so frequently 
those who carry the greatest burdens of 
a community’s welfare succumb to high 
blood pressure 

Kidney mjury usually produces no 
symptoms which warn the patient that 
these vital structures are failing to do 
their work properly Even examination 
of the urine may be unsuccessful in re¬ 
vealing the extent of damage We start 
life with a wide margin of safety in kid¬ 
ney capacity to rid the body of noxious 
substances, this extra reserve is gradu¬ 
ally reduced as we go through life, some¬ 
times slowly, sometimes rapidly Just 
because it is the major function of the 
kidneys to nd the body of excesses of 
chemically injurious substances, these 
structures are particularly exposed to 
injury Acute infections frequently 
cause undetected kidney impairment, the 
acute contagious diseases such as scarlet 
fever, diphtheria and the like are the 
most common sources of silent damage in 
youth Such damage may exist for years 
without sufficient manifestations to drive 
the patient to a physician, then, m the 
years usually classed as the prime of life, 
the kidneys fail utterly and life is but a 
matter of months Injury to the kidneys 
from any source is one of the frequent 
provoking factors in the causation of high 
blood pressure Detection of such m- 
jury and measurement of its extent and 
significance requires careful, thorough, 
painstaking study by the physician. 
These are not questions which can be 
properly answered in a few minutes. 

These are some of the reasons why 
high blood pressure arises It is obvious 
that each and every instance of the dis¬ 
ease IS an individual problem and re¬ 
quires individual study and attention. 


Hypertensive arterial disease causes 
damage by interfering with the normal 
and required supply of blood to the tis- 
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sues of the body The narrowed arte¬ 
rioles do not permit sufficient blood to 
pass the sluice gates of the dam to pro¬ 
vide adequately all the needs of the tis¬ 
sue cells The early changes are but ex¬ 
aggerations of the normal activities of 
the arterioles and are intermittent At 
first this interference causes little or no 
disturbance and there are no resultant 
symptoms Later, often only after some 
years, when the constriction of the regu¬ 
latory arterioles is continuous, evidence 
of such circulatory deficiency is to be 
found But the evidence or symptoms 
are not directly referable to the vessels 
or to the high blood pressure; they are 
referable to the inability of certain tissue 
cells to do their work properly. Thus 
the symptoms which arise late in the 
course of the disease (and it can not be 
over-emphasized that early there are no 
symptoms) differ greatly in different in¬ 
dividuals. The character of the symp¬ 
toms depends upon the site, extent and 
abruptness of the local failure m blood 
distribution In some the brain will 
suffer from the inefficiency of the circu¬ 
lation, in others the kidneys, the eyes or 
the heart Thus the symptoms will be 
as legion in their patterns as are the 
cases 

The requirements of cells for oxygen 
depend upon how much work they are 
asked to perform The muscles of the 
leg, for example, require at least ten times 
more oxygen when a man is running 
than when he is standing The deficiency 
in oxygen supply (or blood supply, for 
the one depends upon the other) first be¬ 
comes manifest under conditions of stress 
or increased activity. All structures in 
the body have a large reserve capacity 
to meet unusual demands; depreciation 
of this reserve is gradual and often almost 
imperceptible Evidence of failure does 
not occur until the capacity to work is 
actually less than the requirements. 

Heart failure accounts for from 50 to 60 
per cent of deaths attributable to high 


blood pressure Such failure may be of 
several forms, abrupt or gradual, but that 
does not concern us here. Some damage 
to the heart m high blood pressure is 
inevitable Heart injury is the gravest 
risk to the hypertensive Hypertension 
presents a triple threat attack upon the 
heart First, the heart muscle suffers 
when its own supply of blood in the walls 
of the heart is interfered with by arte¬ 
riolar disease Second, the heart is the 
one structure constantly required to carry 
an increased burden of work, as the resis¬ 
tance to the free flow of blood increases 
(resistance offered by the narrowed 
arterioles throughout the body) it must 
work harder and harder to overcome this 
Third, the heart is a blood vessel and 
therefore vulnerable to the same sources 
of injury as the arteries The factor of 
increased work under adverse conditions 
is most significant During rest the nor¬ 
mal adult heart moves some ten tons of 
blood per twenty-four hours This is 
merely the weight or volume of blood 
moved and does not take into considera¬ 
tion the resistance to the free movement 
of the blood Increased resistance may 
double the amount of work involved 
Thus the heart is working as though the 
man were climbing stairs constantly— 
day and night—and doing this with a col¬ 
lar so tight that it IS hard to breathe. It 
IS not surprising that the heart wears out 
prematurely 

The depreciation of the heart’s vigor 
and reserve is at first so gradual and pain¬ 
less that it is usually ignored by the 
patient. Through centuries of struggle 
we have come to recognize pam as a warn¬ 
ing so much so that automatically and 
reflexly we cease doing anything if it 
hurts to continue. But pain is almost the 
only warning which we heed, with ostrich- 
like blindness we tiy to “explain” other 
forms of distress or warnings as being 
insignificant, closing our eyes to the im¬ 
plication that following such warnings is 
our best protection against disaster. The 
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motor car has brought us the green, am¬ 
ber and red lights. We must learn to heed 
these warning lights if we wish to survive 
long in the chaotic traffic of modern exis¬ 
tence 

What are the “lights’’ with which the 
heart cautions us to “go slow” or to 
* * stop ’ ’ f There are several, but the most 
frequent and important one is breathless¬ 
ness. Now, breathlessness on exertion is a 
perfectly normal phenomenon tf the exer- 
t\on 18 sufficiently strenuous! For the 
runner, after a hundred-yard dash, to 
pant IS normal because his muscles have 
used up more oxygen than his lungs, heart 
and circulation can supply m the ten 
seconds of violent exertion He has bor¬ 
rowed, created an “oxygen deficit” by ex¬ 
treme expenditure in the intense effort of 
the race. Not even the normal circulation 
can supply the oxygen demanded at the 
moment But the debt must be paid and 
promptly Therefore the panting, sob¬ 
bing, deep breathing which follows Here 
we have one example of the liberal credit 
structure with which nature endows us. 
We can “borrow” against the future in 
many ways (“running on one’s nerve,” 
using drug stimulants such as caffeine to 
carry on despite the warnings of fatigue, 
burning the fuel of tissues, later to be re¬ 
placed with food, are other illustrations 
of biologic borrowing), hut the debt must 
always be repaid. Herein nature’s laws 
are sane, no “New Deal” legislation can 
postpone the day of payment 

Breathlessness becomes an amber light, 
warning us to “proceed with caution” 
when it appears upon less and less effort 
It is not the breathlessness or panting 
which IS so significant but the degree of 
effort necessary to induce it! The man on 
the street, the banker at his desk, the 
obese matron nibbling chocolates at a 
matmee, the business man puffing up the 
hills on the golf course “for business rea¬ 
sons” all attribute their increasing 
“shortness of wind” to something else 
than heart depreciation. “Too many 


cigarettes,” “mdigestion,” “didn't sleep 
well last night,” “worry” or “getting a 
little soft now” are some of the innumer* 
able soothmg syrups with which self-de¬ 
lusion IS continued. Let us not cnticize; 
it IS human nature to resent the deprecia¬ 
tion of the years, particularly if conceit 
and ambition make us feel important to 
the world The plamtive rebellion of 
self-esteem against restraint is: “Slow 
down ? I can’t. My business needs me.'' 
None of us are that important to others; 
only to ourselves do we appear so Trite¬ 
ness alters not the fundamental truths, 
and repetition of the ancient axioms that 
“haste makes waste” or “make haste 
slowly” falls upon ears deafened by the 
roar of the city 

More can be accomplished leisurely 
than in haste. The artist knows this So 
does the true teacher. The grubber for 
money does not Let us recall that we 
live but once and must expect to remam 
dead a very long time Alfred Stieg- 
litz, the artist, once thought of his own 
epitaph while in the dentist’s chair “I 
have lived for better and for worse, but I 
am dead for good ” 

The warning of breathlessness on less 
and less effort comes gradually Hyper¬ 
tension and heart depreciation do not at 
once imply immediate jeopardy. Nor do 
they denote invalidism. High blood pres¬ 
sure 18 in itself not particularly danger¬ 
ous. We have tried to explain this Its 
risks are in the future. The progression 
of the disease is slow, years elapse before 
the changes become irrevocable and the 
danger of disaster is great But for all 
the slowness of this depreciation, it is 
inevitable and persistent There is al¬ 
ways the potentiality of acceleration of 
the degenerative process j acute infections, 
fatigue, continued worry, intoxications of 
any sort may quicken the rate of deprecia¬ 
tion at any time and thus bring closer the 
ultimate, inevitable failure There is no 
tendency toward spontaneouiS improve¬ 
ment or cure Ignormg the existence of 
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the threat of high blood pressure, while 
perhaps stupidly reassuring the appre¬ 
hensions of the patient, accomplishes 
nothing else. 


The objectives of treatment are to pre¬ 
vent, or at least postpone, the future dif¬ 
ficulties and disasters of heart failure, 
apoplexy or kidney failure. An attitude 
of prevention is essential. High blood 
pressure is a controllable disorder, but 
it IS not a problem which can be treated 
for a few weeks and then wholly forgot¬ 
ten. The likelihood of recurrences and 
flare-ups is an ever-present menace, and 
observation and guidance must be con¬ 
tinued To be precise, we should say 
hypertension is controllable rather than 
curable. 

It IS impossible and mappropnate to 
attempt to discuss treatment here, but cer¬ 
tain aspects of the broad problem warrant 
mention As prevention is the primary 
objective, early detection of the disorder 
is the first step Failure to start treat¬ 
ment during the early stages of the dis¬ 
order tremendously increases the difficul¬ 
ties of management later on As pre¬ 
viously mentioned, it is when irrevocable 
damage has occurred that patients expect 
a miracle The responsibility for health 
rests first and foremost upon the individ¬ 
ual, a physician can accomplish nothing 
unless the patient cooperates So many 
take the infantile attitude that in follow¬ 
ing advice they are doing it for the doctor, 
forgetting that it is for their benefit, not 
his, that the advice was given This at¬ 
titude IS exceptionally prevalent among 
hypertensive individuals; they feel well 
and are often unusually energetic They 
deeply resent the implication that they 
are not well This blindness, which is part 
of the combative personality of hyperten¬ 
sion, is a real handicap to the intelligent 
physician trying to postpone future dis¬ 
asters 

The earlier the disorder is detected and 


management instituted the better are the 
chances of accomplishing the objectives of 
prolonging life and health to its normal 
span As high blood pressure is usually 
unaccompanied by symptoms which call it 
to the attention of the victim (at least, 
not early in the course of the disease) it 
is necessary to search for it Determina¬ 
tion of the blood pressure is a simple safe 
quick procedure, free of discomfort It is 
a matter of but a few moments Periodic 
inventory of one’s physical condition is 
the answer to the problem of early detec¬ 
tion of disease and its corollary, success¬ 
ful control It is extraordinary how well 
we treat our automobiles and how shab¬ 
bily we treat our bodies We don’t hesi¬ 
tate to run in to the service department 
of the car dealer to ‘‘tune the motor” or 
“check the brakes” or complain of this 
or that, but how few will trouble to see 
if their own motor is behaving quite as it 
should Banks balance their books daily, 
the merchant takes periodic inventory 
of his stock, the manufacturer constantly 
inspects not only his product but his 
equipment, and yet ignore^s his most 
precious investment—his health. 

Periodic health inventory should be at 
least an annual event when all is appar¬ 
ently normal To be of value it must be 
thorough No public accountant can 
analyze the books of a year’s business in 
a few minutes, remember that your body 
is a complex “business ” Give your 
physician the opportunity to be thor¬ 
ough in his search for facts upon which to 
base bis decisions and advice That ad¬ 
vice may have far-reaching consequences 
If evidences of illness are found, recheck 
at much more frequent intervals than 
twelve months is, of course, in order 
Such evidences may be more indicative of 
potential illness than of actual existing 
disease It is possible now, with the aid 
of a simple but effective test procedure, 
to determine potentiality to high blood 
pressure even before it occurs This is 
done by observing the response of the 
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blood pressure to a standard stimulant 
such as cold Even in children the test 
has revealed the inherited tendency to be 
vulnerable to arterial disease; comparison 
of the results of many tests on school chil¬ 
dren showed a conspicuous association 
between such warning responses and the 
presence of high blood pressure m one or 
both parents. Thus the patient with high 
blood pressure owes it to his or her chil¬ 
dren that they be guarded before it arises 
in them In matters of health particu¬ 
larly the old adages ‘‘forewarned is fore¬ 
armed^* and “an ounce of prevention is 
worth a pound of cure** are basic, funda¬ 
mental truths 

If the task of devising a suitable motto 
to be inscribed above the blackboards of 
schools were assigned to me, I should 
write “You will not find Truth unless 
you look for it.** 

As each instance of the disease pre¬ 
sents a different problem from the view¬ 
point of causBf so each instance is an 
entirely individual problem in treatment. 
Individuality in treatment is essential It 
IS possible only after thorough, painstak¬ 
ing study of the patient, the reasons for 
his illness, the extent and duration 
thereof, the status of the heart and kidney 
reserve capacities and many other factors. 
The first principle of curative treatment 
IS that it shall include consideration of the 
causes of an illness To treat a sore heel 
due to a nail m a shoe accomplishes noth¬ 


ing unless the nail be removed. The sec¬ 
ond principle is that the injured struc¬ 
tures (in this instance, the blood vessels, 
heart and kidneys particularly) shall have 
as much rest as possible so that they may 
do their own repairing with the least 
hindrance. Time is an essential ingredi¬ 
ent of rest Thirdly and lastly, treatment 
must consider the nutrition of the patient 
as a whole and of the injured part in 
particular To illustrate this last princi¬ 
ple we may cite the importance of cor¬ 
recting anemia, even of mild grade, in 
high blood pressure Recalling that the 
damages done result from the inadequacy 
of blood flow to the tissue cells, we can at 
once see how tremendously this detriment 
IS enhanced when the blood which does 
reach the cells is not up to par and is 
deficient in oxygen-carrying capacity. 
The double insult quadruples the injury 
Successful control, making possible 
many years of happy, vigorous and useful 
life, does not imply making an invalid 
out of the patient That is almost always 
unnecessary Temperance in all things, 
wise counsel, with the intelligent, occa¬ 
sional utilization of certain drugs, consti¬ 
tutes a type of approach which is most 
often eminently successful An atti¬ 
tude of optimism is fully justified. The 
earlier recognition of the condition oc¬ 
curs, the better the outlook. The problem 
IS one of treating the patient, not the 
disease. 
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The Great Lakes of North America— 
Lakes Superior, Michigan, Huron, Erie 
and Ontario—gave to our continent a dis¬ 
tinction not enjoyed by any other, for no 
other has so many lakes of large size so 
closely connected and so well situated to 
serve the needs of man While a very 
notable group of lakes occurs in Africa, 
only one—Lake Victoria—is of a size 
comparable to Lake Superior, and the 
whole group and its surroundings is in 
other ways very different from ours Our 
lakes he in the middle north latitudes, 
with a vast area of fertile plains stretch¬ 
ing away to the south and west, where 
the soil and the prevailing climatic con¬ 
ditions favor the highest development of 
agriculture This relation is fortunate 
for many reasons It has been especially 
favorable not only for the growth of 
agriculture, but also for the development 
of water power and great industries, as is 
exemplified in several of our most popu¬ 
lous and prosperous states. Rich stores 
of copper and iron he near Lake Su¬ 
perior’s shores and coal and petroleum 
near Lakes Huron and Erie. Lake Su¬ 
perior is nearly 400 miles long and aver¬ 
ages about 90 miles wide It is six hun¬ 
dred feet above the sea, while Lakes 
Michigan and Huron are twenty feet 
lower and Lake Erie is eight feet lower 
than Lake Huron. Lake Ontario is two 
hundred and forty-five feet above the sea 
Lake Superior is one thousand feet deep, 
Lakes Michigan, Huron and Ontario be¬ 
tween seven and eight hundred feet, 
while at its deepest spot Lake Erie is 
only a little more than two hundred feet 
deep 

The connecting rivers between the 
Great Lakes have all been made navi¬ 


gable and, with the lakes themselves, 
now constitute one of the greatest high¬ 
ways of commerce m the world. Ulti¬ 
mately, the Whole group will be effec¬ 
tively connected with the Gulf of St. 
Lawrence and with the Hudson River 
and, through the Mississippi River, with 
the Gulf of Mexico Fishing is a great 
industry on the lakes and yields a large 
supply of some of the finest food fishes 
known The shores of the lakes are 
dotted with summer resorts, where each 
year thousands of people find relief in 
the heated season 

Thus, briefly, we may describe the 
Great Lakes as one sees them to-day 
But to an inquiring mind, certain mo¬ 
mentous questions press for answer, es¬ 
pecially questions relating to the origin 
and history of the great rock-hewn val¬ 
leys in which the lakes lie. How were 
they formed and why were they placed 
where we find them in the broad expanse 
of the continental plain 1 The answers to 
these and to many other questions are to 
be found chiefly in the geological history 
of the lake region and of the continent 
itself 

The accompanying map of North 
America, Fig 1, shows that the Great 
Lakes lie m the east central part of the 
continent, where, excepting for the Adi- 
rondacks and the relatively low ranges 
of the Appalachian Mountains on the 
south, the whole vast area reachmg from 
the Arctic Ocean to the Atlantic and the 
Gulf of Mexico is essentially a plam 
country that seldorii rises more than one 
thousand feet above the sea The region 
of the Great Lakes is a relatively quiet 
part of the continent, there is no evi¬ 
dence that it has had a turbulent history. 
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at least not since the beginning of the 
Paleozoic Era or time of ancient life, 
some 550 millions of years ago The lake 
region, so far as known, has been visited 
by few earthquakes of importance, such 
as have been observed were relatively 
mild and rarely destructive It has had 
no active volcanoes since the lake basins 
began to be made. 

The Canadian Shield 

The beginnings of the geological his¬ 
tory of the Great Lakes are intimately 
bound up with the early development of 
the continent itself, and the continent 
has had a very complicated history, the 
early chapters of which are naturally 
more and more obscure as one goes far¬ 
ther back in time 

One of the most remarkable features 
of the North American continent is the 
so-called ‘‘Canadian Shield’*—^the great 
flat plain or low plateau which surrounds 
Hudson Bay, so named from a fancied 
resemblance to an inverted shield. It is 
for the most part a veritable rocky wilder¬ 
ness and extends a thousand miles to the 
east and to the northwest from the shores 
of the bay and more than half that dis¬ 
tance toward the south and southwest 
On a good geological map, especially if 
printed m colors, the shield stands out 
conspicuously, its gross area, including 
that of Hudson Bay and most of the 
Arctic Archipelago, amounting to some- 
tfamg like one fourth of the whole con¬ 
tinental surface. Two other shields of 
the same kmd occur in high northern 
latitudes, the Baltic shield m northern 
Europe and the Angara shield in north¬ 
ern Asia, and it is a notable fact that they 
all have the same general characteristics. 

The origin of the shields is one of the 
most obscure problems of geology, but 
whatever its ongin, the Canadian dueld 
stands in a peculiar and very significant 
relation to the Great Lakes. In Fig. 1, 
the southern boundary of the shield is 


shown as extending from the Strait of 
Belle Isle southwestward along the north 
side of the Gulf of St. Lawrence, up the 
St. Lawrence River to the vicinity of 
Montreal, thence westward along the 
north side of Georgian Bay and across 
Lake Superior to a point near the center 
of its north-west side Here the boun¬ 
dary turns toward the northwest and 
passes through or near to Lake of the 
Woods, Lakes Winnipeg, Reindeer, Atha- 
baska. Great Slave and Great Bear to a 
point on the shore of the Arctic Ocean 
about one hundred miles east of the 
mouth of Mackenzie River. Thus, on 
the southeast the boundary is marked by 
marine waters m the Gulf of St. Law¬ 
rence and on the south and west by a 
chain of lakes extending from Lake On¬ 
tario to the Arctic Ocean. In the north 
the boundary is not sharply marked, but 
in a rough way may be considered as 
passing northeast across the Arctic Archi¬ 
pelago and thence southeast to the Strait 
of Belle Isle. Some geologists include 
nearly the whole of Greenland m the 
Canadian shield, where, in all prob¬ 
ability, it really belongs 

It seems certain that some sort of 
causal relationship exists between these 
features; but the complexities of ancient 
geological history have made it extremely 
obscure It is worthy of note, however, 
that in Europe the southern boundary of 
the Baltic shield is marked in the same 
way by lakes and marine basins Lakes 
Ladoga and Onega m Russia, with two 
or three basins in the White Sea and, on 
the west, the Gulf of Finland, the Gulf 
of Riga and probably a part of the Baltic 
Sea itself mark the boundary. In north¬ 
ern Asia, Lake Baikal may perhaps be 
related in this way to the Angara shield, 
but the relationship is not certain and no 
other lakes or marine basins so related 
are now known. 

The surface of the Canadian shield is, 
in reality, a vast rock floor which, despite 
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FIG 1. PAET OF NORTH AMERICA 

SHOWING THE LOCATION AND EXTENT OF THE CANADIAN SHIELD AND THE RELATION OF ITS BOUNDARY 
TO THE GREAT LAKES AND TO THE LAKES OF NORTHWESTERN CANADA. (AFTER 8CHUCHERT ) 


the vicissitudes of a varied history, ap- Alternative Views of the Probable 
pears to have kept its identity for hun- Origin op the Lake Valleys 

dreds of millions of years But great as Studies of geological structure in the 
is the area of the shield floor now visible, region of the Great Lakes made with spe- 
this is by no means its whole extent, for cial reference to their bearing on the way 
there is evidence that it runs for undeter- m which the lake valleys were shaped 
mined distances toward the south and have resulted in a general agreement on 
west under all the rocks of later age. In certain points. First, the lake valleys 
fact, it has been identifled in deep borings were not made outright by a suppos^ 
at a number of places. gouging action of the ice in the ice dieets 
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of the Glacial or Pleistocene period, as 
has sometimes been suggested; nor, with 
the possible exception of a part of the 
basin of Lake Superior, are they to be 
considered as original rock-basins due to 
great hollows or troughs shaped directly 
by the folding and downward bending of 
the rocky strata, nor are they due to any 
form of marine action which would neces¬ 
sarily be limited to the work of waves and 
currents, but on the basis of many clearly 
defined evidences it seems certain that 
they are due almost entirely to subaerial 
erosion—^to wind and ram and to rivers 
and smaller streams, like those we see 
to-day But the magnitude of the lake 
valleys is so great that the idea that they 
were made by the agencies of ordinary 
subaerial erosion seems hard to believe, 
and becomes acceptable only when we 
give the streams an enormous allowance 
of time, at least tens of millions of years, 
for domg their work. But since the dis¬ 
covery of radio-activity in some of the 
most ancient rocks, a new and wonderful 
method of measuring geological time has 
been discovered and its adoption provides 
more liberally for the slow processes of 
nature. 

The Building of the Paleozoic 
Sediments 

In striving to visualize the main events 
which prepared the way for the making 
of the Great Lake valleys, it is to be re¬ 
membered that, excepting probably part 
of Lake Superior, all the lake valleys 
have been carved out of the great mass 
of the Paleozoic rocks and that these 
rocks were evidently deposited in the 
ocean, for they contain the fossil remains 
of many kinds of marine animals. It is 
certain that the whole region where these 
rocks are now found was submerged 
under the sea for practically all the 
Paleozoic Era, estimated to have endured 
nearly 360 millions of years and ending 
about 190 millions of years ago 


But the attitude of the rocky strata has 
been greatly changed since that time, for 
from central New York to the south side 
of Lake Superior, the whole mass now 
dips moderately downward toward the 
south so that wherever their edges are 
exposed they are seen to project upward 
toward the north, as though they had 
formerly extended much farther in that 
direction It seems certain that the 
Canadian shield or a considerable mar- 
gmal part of it was submerged "under 
the sea during all or nearly all of Paleo¬ 
zoic time, otherwise, it could not have 
received upon its surface so great a mass 
of marine sediments The structure of 
the deposits shows that they came from 
a source toward the southeast or south 
and were spread toward the north over 
the nearer parts of the shield. Under 
these conditions, the slope of the beds as 
they were being deposited would natu¬ 
rally be toward the north, but would 
be very gentle for the finer sedi¬ 
ments Beginning at the bottom with 
very ancient sandstones and conglomer¬ 
ates (Cambrian), the Paleozoic deposits 
comprise, in their total depth, an enor¬ 
mous mass many thousands of feet thick, 
and including the sediments of all the six 
or seven periods which make up the Paleo¬ 
zoic Era, ending at the top with the coal¬ 
bearing beds of the Carboniferous and 
Permian periods At places near the lake 
basins and especially near the southern 
boundary of the shield, the thickness of 
the deposits was less, because all the beds 
grew thinner toward the north On the 
shield north of the lake region, their 
thickness was probably still further re¬ 
duced. Then, too, practically all the 
coarser sediments had been deposited 
farther south and only the finer grades, 
like clay and silt, were carried for a not¬ 
able distance out over the shield. Until 
the building of the Paleozoic rocks was 
finished, they appear to have rested 
quietly in the sea and to have suffered no 
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notable disturbance, at least in the area 
comprising the lakes. 

The Erosion op the Great Lake 
Valleys 

At length, toward the close of the Car¬ 
boniferous period, a great change began, 
the exact nature of which is not surely 
known, but as a result the Paleozoic 
mass gradually became dry land. Two 
ways of explaining such a change have 
been considered by geologists: either the 
earth’s crust was broadly uplifted over a 
wide area, thus raising the Paleozoic mass 
to a considerable height out of the sea 
and turning it into dry land, or, the 
solid earth remaining substantially undis¬ 
turbed, the ocean waters gradually fell 
away to a low level, leaving the Paleozoic 
mass high and dry. Possibly both kinds 
of change were involved, but whatever 
its nature, the change probably came 
about slowly, not suddenly 

When the surface of the new land ap¬ 
peared above the sea, it was attacked 
immediately by all the forces of subaerial 
erosion—wind, ram, nvers and their 
smaller tributary streams and by the 
waves and currents of the sea along its 
shores A drainage system with a central 
master stream flowing along the valley 
axis was soon developed on the site of 
each lake valley In the valley of Lake 
Superior the master stream flowed toward 
the east, in Lake Michigan, toward the 
north, in Lakes Erie and Ontario, toward 
the northeast and east In Lake Huron 
the course of the master stream was prob¬ 
ably toward the north at first, but later 
may have been toward the south A 
separate stream dramed the valley of 
Georgian Bay, at first probably toward 
the north, but later toward the southeast 
At first, all these streams probably fiowed 
out onto the surface of the shield 

Early in their work the streams dis¬ 
covered the lines of the weaker rocks and 
in these they worked more rapidly. Thus, 


the weaker rocks determined the place and 
axial direction of the valleys and as ero¬ 
sion approached maturity, the influence 
of the softer rocks became more and more 
pronounced At first, no outlets were 
found toward the west or south, but to¬ 
ward the east barriers of weak rocks 
separated one valley from another, as 
between Lakes Michigan and Huron, be¬ 
tween Lakes Huron and Erie, and be¬ 
tween Georgian Bay and Lake Ontario 
With these barriers cut through, the mam 
streams were united into a more compact 
system and were enabled to erode the val¬ 
leys to their deepest parts Because of 
the great duration of the period of ero¬ 
sion, the streams were enabled to widen 
their valleys extensively and by this 
means to bring them to their present 
shapes and arrangement 

The reason for the existence of Niagara 
Palls IS the presence of the massive and 
relatively hard layer of the Lockport lime¬ 
stone or dolomite, with a great depth of 
soft rocks below it. More soft rocta, but 
not so thick, lie above it The Lockport 
hard layer fades away eastward m New 
York, but it extends westward into Can¬ 
ada and, after turning around the west 
end of Lake Ontario, forms a bold escarp¬ 
ment extending northwest to the Saugeen 
peninsula, which separates Lake Huron 
from Georgian Bay Beyond that it ex¬ 
tends through Manitoulin, Gockbum and 
Drummond Islands, then through a range 
of hills a few miles north of the Straits of 
Mackinac and finally reappears in the 
Garden peninsula, Washington Island 
and the Door peninsula, which separates 
Green Bay from Lake Michigan. Thus, 
the valleys of Green Bay, the North Chan¬ 
nel, Georgian Bay and Lake Ontario were 
excavated out of the ^^oft rocks helow the 
Lockport hard layei, while Lakes Michi¬ 
gan, Huron and Brie were excavated out 
of the soft rocks above that layer. Thus 
we see that after the greater things, like 
the existence of the continent itself and 
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the Paleozoic sediments, the most impor¬ 
tant factors in locating and shaping the 
valleys of the Great Lakes were the exis¬ 
tence and arrangement of hard and soft 
rock-layers in the lake region and the 
peculiar selective action by which the 
forces of subaerial erosion made the val¬ 
leys in the soft layers and left the hard 
layers almost untouched. 

Turning the Dry VAiiLEYs into Lakes 

The lake valleys were now completed, 
but there were no lakes; the valleys were 
still drained by the streams that made 
them The transformation, however, was 
simple, for the Canadian shield, or a 
broad marginal part of it along the south 
and west sides, began to be slowly uplifted 
after the manner of a wide swell This 
affected the land all along the boundary 
of the shield, the parts inside more than 
those outside, so as to produce a marked 
tilting downward away from the shield. 
Thus, the northern parts of all the valleys, 
with most of their outlets, were raised 
more than their southern parts, forming 
basins m which the waters gathered to 
form lakes 

The disturbances caused by the making 
of the Appalachian Mountains probably 
raised the Paleozoic sediments out of the 
sea and started the erosion of the lake val¬ 
leys This erosion, as we have seen, must 
have required a very long stretch of time, 
fallmg, perhaps, partly during the mak¬ 
ing of the Appalachians, but mainly dur¬ 
ing the long period of the Mesozoic Bra or 
age of reptiles which followed. Certain 
it is that the whole of the lake region was 
continuously a land surface subject to 
subaenal erosion during the entire time 
of this era The Mesozoic Era followed 
next after the Paleozoic, beginning about 
190 millions of years ago and ending 
about 65 millions of years ago. It was, 
apparently, in the middle or latter part 
of the Mesozoic that the very slow tilting 
of the land in the lake region began to 
affect the newly finished lake valleys and 


turn them into lakes. Following the 
Mesozoic, came another era, the Cenozoio, 
time of modern life or age of mammals, 
comprising four or five Tertiary periods 
during which it seems certain that the tilt¬ 
ing of the lake basins continued at the 
same slow rate. During all the Cenozoic 
also the lake region was a land surface 
and, excepting effects of erosion which are 
now largely buried under glacial drift, re¬ 
veal no notable record of change. 

The Pleistocene Ice Sheets and their 
Effects on the Great Lakes 

With the opening of the Glacial or 
Pleistocene period, about one million 
years ago, came a new phase of the lake 
history A series of continental ice sheets 
advanced from the north and northeast 
over the Great Lakes region, and while 
they did not make any of the lake valleys 
outnght, they modified some of them con¬ 
siderably, but rather more by the deposi¬ 
tion of drift m their basins than by glacial 
abrasion 

The cause of ice sheets is not definitely 
known, but many suggestions have been 
made. One that is now held in some 
favor finds the cause in a long-period 
variation in the quantity and intensity of 
solar radiation. At any rate, through sev¬ 
eral thousands of years the winter snows 
that fell on the higher ground surround¬ 
ing Hudson Bay failed to melt m the 
following summers and, accumulating 
from year to year at a slowly increasing 
rate, ^ally produced a vast field of snow 
and ice—^the beginning of an ice sheet. 
In forty or fifty thousand years, the ice 
on the Labrador peninsula, where it ap¬ 
peared to begin to grow, attained at its 
maximum a thickness of a mile or a mile 
and a half The ice literally flowed away 
from the central area under the urge of 
its own gravity, but of course with ex¬ 
tremely slow motion, much slower even 
than that of pitch or asphaltum in cold 
weather. It spread out over the whole 
of New England and the Great Lakes 
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FIG 2. BEGION OF THE GREAT LAKES 

SHOWING BOUNDARY OF THE ILLINOIAN DRIFT AND SEVERAL RECESSIONAL MORAINES OF THE WISCON¬ 
SIN DRIFT MORAINES MARKED Wl, W2, ETC , WERE BUILT AFTER MORE IMPORTANT READVANCBS 
THAN THE AVERAGE TWO ADDITIONAL MORAINES INSERTED BETWEEN W3 AND W4 ARB SHOWN IN 
OHIO SOUTHWEST OF LAKE ERIE IN ORDER TO EMPHASIZE THE CLOSE RELATION OF THE ICE FRONT TO 
THE BASIN OF LAKE ERIE. ONLY A FEW OF THE RECESSIONAL MORAINES ARE SHOWN. (MAINLY 

AFTER LEVBRETT.) 


region. It moved over the tops of hills 
and even of mountains of notable height, 
but in order to do this by its own weight 
its surface had to have at least a gentle 
downward slope from its center of accu¬ 
mulation. Its semi-plastic movement en¬ 
abled it to fit itself to the features of the 
land with perfect fidelity. Each lake val¬ 
ley became the site of a great lobe of the 
ice sheet and the high lands between the 
valleys became the heads of re-entrant 
angles giving to the front temporarily a 


scalloped pattern, like that shown in Pig. 
2 

Four or five separate ice sheets swept 
over the lake region—^the Jerseyan, Kan¬ 
san, Illinoian, Iowan (f) and the Wiscon¬ 
sin. All covered nearly the same area, so 
that only relatively small parts of the 
earlier sheets have remained uncovered. 
Long warm periods intervened between 
the successive ice sheets; a wonderful rec¬ 
ord of one of them was found at Toronto 
showing leaves of warm-climate trees in 
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an interglacial bed. We learn how the 
ice sheets behaved in the lake region 
mainly from a study of the composition 
and distribution of the Wisconsin drift, 
because it covers practically the entire 
surface 

At its maximum, the front of the Wis¬ 
consin ice sheet rested on the Hartwell 
moraine ten miles north of Cincinnati 
When the ice front began to retreat, it 
moved in an oscillating manner, as if by 
two steps backward, then a halt; one step 
forward, then a halt, and so on, oscillat¬ 
ing all the way back to the northern high¬ 
lands The ice sheet built a marginal 
moraine at every halt, but all those built 
at backhalts were later overridden and de¬ 
stroyed by the next readvaiice, while all 
those built at forward halts remain as a 
beautiful record of the ice’s oscillating re¬ 
treat These recessional moraines reveal 
intimately the relation of the ice sheet to 
the lake basins and to the land in general 
From near Cincinnati to Lake Ontario 
there is a perfect series of twenty-seven of 
these moraines. Allowing a time for re¬ 
treat, readvance and halt, which seems 
appropriate to the slow movements of ice 
sheets, it seems probable that each com¬ 
plete oscillation took one thousand to 
eleven hundred years, making the time of 
retreat to Lake Ontario nearly thirty 
thousand years Then a few thousand 
more must be allowed for the retreat 
farther toward the north, so that forty to 
fifty thousand years would seem to be an 
approximate measure for the retreat from 
Cincinnati How much more time has 


passed since then we do not know, except 
as Niagara Palls helps toward an esti¬ 
mate It is believed that it has been 
eighteen to twenty thousand years since 
Niagara Palls began making the gorge at 
Lewiston This seems a fair measure of 
the time taken for the ice to retreat from 
the south side of Lake Ontario to the 
northern highlands and probably includes 
also the time that has passed since the last 
of the ice sheet melted. 

It seems certain that at the beginning of 
the Ice Age, the mam rivers had cut deep 
channels between some of the lake basins 
Borings indicate such a channel extend¬ 
ing from Georgian Bay to Lake Ontario 
near Toronto. Another probably extends 
from Lake Huron to Lake Erie, and one 
may also have extended from Lake Su¬ 
perior to Lake Huron No continuous 
deep channel is known extending from 
Lake Erie to Lake Ontario, but a bormg 
at Euclid, a suburb of Cleveland, went 
nearly to sea level without meetmg bed¬ 
rock, showing that the rock basin of Lake 
Erie probably reaches sea level or lower, 
but owing to a heavy filling of drift, its 
greatest present depth is only a trifle more 
than two hundred feet If the drift fill¬ 
ings were all removed some of the lakes 
would stand at much lower levels than 
now, and the lakes in general would pre¬ 
sent a very different appearance from 
those we see to-day The valleys of the 
Great Lakes are very old, as water-filled 
basins, they are considerably younger; 
but as basins smoothed and slightly re¬ 
modeled by the gentle touch of the ice 
sheets, they are relatively new. 



THE SOUTHEASTERN CHINANTLA OF MEXICO 

By Dr. J. STEWARD LINCOLN 


A YEAR or two ago I fortunately had 
an opportunity to visit and make ethno¬ 
logical studies in the State of Oaxaca, a 
little-studied region of Mexico lying im¬ 
mediately west of the State of Vera Cruz 

The Chmantec villages visited were 
Lalana, Lachixola, Jocotepec, Rio Chi- 
quito, San Jose Rio Manzo, Tepmapa, 
Toabela and Lovani, all situated in the 
State of Oaxaca, in a territory which 
stretches from the northeastern slopes of 
the Sierras to the borders of the State of 
Vera Cruz, an area of approximately 
2,000 square miles shown m the accom¬ 
panying sketch map (p 58) 

The Sierras cut off and isolate this 
tropical section of the Chinantla,^ climat¬ 
ically designated as ^^cahente humedo,^^ 
from the Zapotec and Mixe regions, and 
communications over the mountains from 
the Southwest are through steep and diflS- 
cult trails 

There appears to be a distinct Chi- 
nantec physical type as definite and out¬ 
standing as any m Oaxaca The indi¬ 
viduals of this type are medium in 
height, with black, straight hair, and pale, 
coffee-colored skin, with oblique slanting 
eyes and round heads, although there are 
numerous other physical types mixed up 
with the former This difference m 
physical type may be caused by the cus¬ 
tom, which is reputed to prevail, of invit¬ 
ing foreigners and visitors to have chil¬ 
dren by their women If this is the true 
situation the stock can in no way be 
regarded as pure 

Throughout this section the women are 
good-looking, hard-working and prolific 
They are shy, extremely reserved and 

I For description of fauna and flora, see 
Cayetano Esteva, ^^Nooiones Elementales de 
Geografla Historica del Estado de Oaxaca,” 
Oaxaca, 1913. 


inclined to hide and run away at the 
approach of visitors The married 
women are distinguished from the un¬ 
married by wearing their hair parted in 
the middle, twisted and coiled coronet 
fashion, with fan-shaped puffs over the 
ears The unmarried girls keep theirs in 
braids, which are lengthened by twisting 
with strands of wool When bathing, 
which always takes place in the open 
under a primitive shower bath, made by 
placing a bamboo trough in the steep 
part of a running stream, generally near 
the village, the married women sit down, 
but the unmarried girls stand The mar¬ 
ried women wear a red cotton skirt, over 
which IS worn a white hutpil The un¬ 
married girls wear only the hutpil 

Temperamentally, the people whom we 
encountered were gentle and reserved, 
but very soon become hospitable and gen¬ 
erous hosts Pood was always forthcom¬ 
ing, and often no payment was requested 
m spite of evident poverty This non- 
aggressive,* friendly and shy, tempera¬ 
ment 18 quite in contrast to the un¬ 
friendly, sullen or aggressive attitude of 
the neighboring Zapotec men in the vil¬ 
lages of Lachirioag, and Yalalag on the 
West of the Sierras, and the loud¬ 
mouthed, cackling and even brazen Zapo¬ 
tec women The latter, however, have a 
keen sense of humor and are easily 
aroused to paroxysms of loud and side¬ 
splitting laughter 

In all the villages visited, both the men 
and women are hard-working, and have 
a well-organized, integrated town life. 

a It appears that m the first written historical 
record in which the Chmantecs were mentioned 
they were a war-like people and good fighters. 
Bernal Diaz del Castillo, ”The Discovery and 
Conquest of Mexico. * * Broadway Travellers, 
1933, pp 378-74; 397. 
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They are exclusively an agricultural 
people, and raise chiefly coffee, bananas, 
com, sugar cane, tobacco and chiles. 
These products are raised almost entirely 
for home consumption, although a small 
amount of their excellent coffee is ex¬ 
ported. One man in Jocotepec explained 
that he would like to export more coffee, 
but the difficulty of getting it to the rail¬ 
road by human carrier made it too costly. 
Pigs, turkeys and chickens are raised. 
The men work in field and plantation, 
and the women do household work, cook¬ 
ing, drawing water and gathering wood, 
husking and grinding corn, making tor- 
tiUas and looking after the family and 
domesticated animals. 

Contrary to expectations, alcoholism 
seemed to be lacking as an every-day 
situation in all the eight Ghinantec vil¬ 
lages to which we traveled No fiestas 
took place dunng a three weeks' visit; 
hence it was impossible to estimate the 
amount of drunkenness at these times. 


Probably it would have been most evi¬ 
dent at fiestas, as in all parts of Mexico. 
Not one case of drunkenness was noticed, 
however, although one informant re¬ 
quested that he be paid in alcohol instead 
of money. The request was refused, but 
it did not make any difference in his dis¬ 
position or his willingness to work This 
situation 18 quite the opposite to that 
found in the high Yolox and Valle 
Nacional sections of the Chinantla where 
chronic drunkenness is the order of the 
day irrespective of fiestas, according to 
the report of a member of a scientific 
expedition to that region ® 

The whole question of the effect of 
alcohol on the Indian organism and tem¬ 
perament is a field for the trained medi¬ 
cal psychiatrist, and it would be worth 
while to pursue the study of alcoholism 
m relation to contact with advancing 
civilization Whether chronic drunken- 

sA member of Mr Bernard Beyan’s expedi¬ 
tion. 
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ness among Mexican Indian groups is due 
entirely to inferiority feelings because of 
sudden contact with a new and crushing 
civilization, as suggested by Tannenbaum, 
is still open to question as a sole explana¬ 
tion. It would not explain why certain 
Zapotec and Mixe villages in the high 
Sierras, remote from the new order, are 
often encountered in which a state of 
chronic drunkenness exists, whereas the 
equally remote southeastern Chinantec 
villages do not suffer from this social 
disease. Constitutional, temperamental 
and social factors must here be consid¬ 
ered in all their interrelations. 

In the case of the southeastern Chinan- 
tecan villages, the remoteness is empha¬ 
sized by the lack of roads, railroads or 
other modern means of communication 
with the outside world. The social plans 
of the revolution have barely begun to 
simmer through to these people Of the 
eight villages visited, only two had 
schools and school masters. As a result 
there is a complete absence of medical 
or hygienic knowledge, and curanderas, 
who are often regarded as witches, are 
still consulted for cures of illness. Nev¬ 
ertheless, observation shows that personal 
cleanliness and numerous baths in the 
open are usual Clothes, however, are 
apt to be shabby, ill-kempt or dirty, but 
the latter is partially compensated for by 
bodily cleanliness. In connection with 
personal hygiene, the Zapotec town of 
Yalalag presents a complete contrast 
from the villages of the southeastern 
Chinantla Outwardly this town is clean 
and the two-story houses are newly 
painted in white. All the inhabitants 
are clothed in pure white cotton, the 
women in embroidered, hand-woven, 
clean-laundered huipxls. Washing of 
clothes is constantly in .evidence On the 
other hand, the abounding filth and lack 
of sanitary arrangements make this town 
a peculiarly unhygienic one, especially 
called to attention in relation to the clean 
white clothes. The situation seems to be 


a combination of extreme cleanliness of 
clothes, with bodily uncleanliness. 

Kinship terminology recorded in five 
villages now follows the Spanish family 
system, as m many parts of Mexico, with 
some terms expressed in Spanish, with no 
equivalent in native language* 

Lachdcola (San Miguel) 

It is interesting that a Chinantec cal¬ 
endar still m use should have been dis¬ 
covered m this village, which, from the 
reports of two informants, is probably 
not an ancient one “ The population now 
consists of about 70 individuals, which 
comprises 17 taxpayers and their fami¬ 
lies About 30 years ago the population 
was almost wiped out by a smallpox 
epidemic In a census of 1883 the popu¬ 
lation was given as 140, and in one of 
1891, as 160 ® There are two old men 
surviving the time of the epidemic, who 
still live in the village During the epi¬ 
demic, they remained outside of town on 
their mdpas The informants, Jose 
Arcienega and Francisco Pena, spoke 
practically no Spanish, and had as inter¬ 
preter, the Secreiano, Pedro Perez. Jose 
was a small child during the smallpox 
epidemic, and both his father and grand¬ 
father died then The families of both 
informants have been in the village for 
several generations, exactly how long 
they did not know. They said that the 
tradition was that the village was founded 
as a Rancho by people from Teotalcingo, 
as a place to stop on the way from Monte 
Negro, a nearby trading center. A few 
stayed behind to plant and told others 
about it, and gradually developed the 
village of Lachixola. The date when this 
occurred is unknown. There is no mem¬ 
ory of any important outstanding or 

* J. 8. Lincoln, Zapotec, Chinantec and Mize 
Kinahip Terms in 1986.'' (Unpublished.) 

5 1. Weitlaner, ‘*A Chinantec Calendar." 
Amerusan Anthropologist, Yol. 38, 1936, ap. 
June Pp 197-201 

5"Cuadros Sinopticos de Oaxaca," and an 
untitled census now in a church in Oaxaca. 
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venerated individual in the history of the 
town, according to Jose. There are two 
bronze bells hanging outside the church, 
one dated 1777, and the larger one dated 
1740, with the inscription ‘‘Ano Sphe 
These were reputed to have been made m 
the village, possibly by a man from the 
city of Oaxaca. 

Community and political organization 
follows a pattern found in small villages 
throughout Mexico A town crier or 
t(yp^ calls for volunteers for public works, 
known as tequio. The latter may include 
building a hammock bridge or a new 
schoolhouse, or harvesting in the milpas, 
or whatever type of work is required for 
the community The volunteers receive 
no pay Lachixola has an Agencia Muni¬ 
cipal under the Municipio of Lalana, a 
fairly large town about 15 miles away 
There is one Secretano, one Agente, one 
Regidor and two Topites (community 
errand boys) The first three act as 
judge, legislature and police, and have 
complete authority in the village. Any 
major crime is taken to Choapam, where 
there is a judge Economic disputes and 
minor issues are taken to the Alcaide at 
Lalana The judge in Choapam delegates 
his power to the Presidente Municipal in 
Lalana to marry people Generally, 
people from Lachixola who want to get 
married must go to Lalana to the Presi- 
dente Drunkenness is punished by put¬ 
ting the offender mto the local jail in 
Lachixola They are made to work under 
the authority of the Agente as a punish¬ 
ment. 

Men leave town every day to work on 
their milpas,^ or other fields Coffee, 
maize, oranges and bananas are chiefly 
raised. Handicrafts are very weakly de¬ 
veloped They make coiled woven bas¬ 
kets and woven nets, but not as a busi¬ 
ness. There is no weaving of cloth and 
no pottery is made Cotton cloth is im¬ 
ported from over the mountains, where 

7 The word '^milpa” is applied only to com 
fields. 


it is woven by non-Chinantec people, and 
it 18 sewed together m the village for 
clothing Houses are oblong, with roofs 
pointed and thatched with rabo de hobo 
and zacate^ leaves; walls are of flattened, 
upright, thick boards and poles of jonote 
wood The thatch and poles are bound 
with hejuco vines. There are doors to the 
entrances and openings for windows. 

In Lachixola young people decide 
among themselves when they want to 
marry and when the decision is made, the 
man gets his father to ask the woman’s 
family for permission to marry The 
same custom also prevails in Lovani.* 
The groom’s father must pay the bride’s 
family from 12 to 15 pesos If the young 
man goes to work in his wife’s family, 
he does not have to pay He pays only 
when she goes to live with his family. In 
Lovani, if the couple go to live with the 
groom’s family, payment must be made 
to the father of the girl In this village, 
if the groom or his family are unable to 
pay for the bride, the groom must work 
for a year in his father-in-law’s house 
before he is free to return to live with 
his own family 

In Lachixola, the Secretario can some¬ 
times get permission from the Presidente 
of Lalana to marry the young couple in 
the village In some villages, a man can 
have two wives, but not here, and, of 
course, sometimes they marry into other 
villages At the marriage there must be 
four official witnesses, two for the girl 
and two for the boy The witnesses are 
given aguardiente to drink, but are not 
invited to the wedding party. The in¬ 
laws of the man go to fetch the bride, 
and all members of both families eat and 
feast together In these days of few 
priests, whenever there is a fiesta m a 
nearby village, couples go there and get 
married by a priest. Lachixola is so 
poor that it can not afford a priest for its 

8 Corn stalks. 

9 Informant—^Don Bemlgio Martinez at 
Lovani. 
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fieBta of San Miguel on September 29. 
The girls do not wear the red skirt or 
chtapaneco until they are married. For 
the wedding, the bride wears a new hutpd, 
slightly embroidered on the seams with 
colored thread The groom gives the 
bnde her clothes, and he wears a new 
white shirt and trousers. Boys and girls 
marry between 15 and 20. They marry 
“when they know how to work.“ In 
Lovani, girls marry between 13 and 16, 
and sometimes as early as 12 A girl of 
18 m this village, who is not married, is 
regarded as having missed her chance 
After the wedding ceremony in Lovani, 
the bride stays behmd the door, while the 
groom goes all over town with the music 
and groups of men and women singing 

At the fiesta of San Miguel at Lachix- 
ola, there is no dancing A band comes 
from Lalana and a Maestro de CapMa is 
sent for who knows how to intone prayers 
There are no puestas or fair booths 
Everybody wears clean clothes. For¬ 
merly tliey had the chirtmta or flute play¬ 
ing for all ceremonial occasions, but they 
no longer have it The player was 
changed every year, but now no one 
wants to learn to play In the church, 
they have rosarto service only when the 
Maestro de Capdla comes at the fiesta of 
San Miguel in September and for the 
fiesta of San Sebastian in January This 
situation is different from the custom in 
Jocotepec, and other Chmantec and Zapo- 
tec villages, where rosarto is held every 
morning before dawn without any priest 
At the Mixe village of Tonaguia, rosarto 
is also held every day before dawn It 
seems that in the latter village, it is so 
long since a priest has been present they 
no longer remember the words of the 
responses Attendants at the service in¬ 
tone responsively decidedly non-sacred 
phrases, many of which end with, “Viva 
Mexico!“ 

When people get ill in Lachixola, they 
buy medicine in the shop at Lalana If 


seriously ill, they get a curandera from 
Jocotepec or one from Lalana Eecently 
the one from Jocotepec died As men¬ 
tioned before, there is no knowledge of 
hygiene in the southeastern Chinantla. 
At the birth of a child any woman may 
act as midwife There were several cases 
of ptnto m Tepmapa and in Lachixola, 
a disease whose chief symptom is the loss 
of pigmentation of the skin in patches 
which show on the hands, feet and face. 
Medical opinion regards this as a venereal 
disease, but differs as to whether it is 
contagious or not It was noticeable that 
only one member of a family ever seemed 
to have this disease, in spite of living m 
crowded quarters, with wife, children and 
grandchildren 

In this same village, when a man dies, 
he IS put in a sheet or straw petate, and 
he IS buried in a cemetery outside of 
town No money offerings are made 
The house where the man died is left 
empty, with the door shut until the man 
18 buried After the burial, prayers are 
said for three nights for the family of 
the deceased m the house where he died, 
A wooden cross is placed on the grave. 

In Lovani,’® when a man dies, all his 
belongings are buried with him. Food, 
water and money are also buried to help 
him on his journey to the spirit world 
The house where he died is often aban¬ 
doned Adults are buried with their 
heads to the west, and children with 
their heads to the east 

At San Jose Rio Manzo,” during a 
burial, the door of the house where the 
person died must be left open with some¬ 
body m the house, and a cross of lime is 
placed in front of the door inside Pray¬ 
ers are held for nine nights. If the door 
of the house were not left open, all the 
people of the house would die. 

10 Informant—Don Bemigio Martinez of 
Lovani 

11 Informant—Magdalena Contreras, the 

ourandera 
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According to one informant, the cus¬ 
toms at Lachixola have not changed 
When there was a Maestro de CapiUa set¬ 
tled m the village, they used to pray 
more, but he died m the smallpox epi¬ 
demic. Nobody in the village has been 
vaccinated since the epidemic. The See- 
reiano makes out death certificates. 

They believe that dreams mean some¬ 
thing is going to happen. If a person is 
going to hurt himself by a fall, or if he 
is going to be bitten by a snake, he will 
frequently dream about it first. I told 
Jose that I dreamed that an eagle fiew 
out of an egg. He said that maybe the 
reason for my dream was because long, 
long ago, there used to be an eagle which 
carried people away. 

A delightful tale was told by a young 
Spanish boy who had been brought up 
from childhood m the Chinantla and 
could speak Chinantec fiuently He ac¬ 
companied the expedition for a week as 
interpreter The tale was told to his 
step-brother's father-in-law by a man 
from Playa Vicente, and goes as follows 

A man from Playa Vicente had lost every¬ 
thing in the revolution and was feeling very 
downcast, when his oompadre, an old Chinantec, 
said to him, will cure your trouble '' The 
oompadre took him up the Arroyo Jocotepec, 
and said that he must not proceed any further, 
but the man was afraid to be left alone and in¬ 
sisted on gomg along too They came to a place 
where there was a lot of eaoaie grass growing 
They went through the aaoate and came to the 
opening of a cave, which was hidden behind the 
tall growth. The old Chinantec would not let 
the other man enter, but went in himself and 
after some tune, emerged with a very small 
metate made of pure gold, which he gave to his 
waiting friend. The old man forbade him ever 
to tell. The man from Playa Vicente took the 
golden metate and sold it for 250 pesos. The 
old Chinantec died, and the man who had been 
forbidden to tell of the secret cave, told the whole 
story to our interpreter’s stepbrother’s father- 
in-law, who set out with the man to look for the 
cave It rained and rained, however, so hard 
that they could not find the cave, and they both 
thought that the rain had been sent to keep them 
from finding it. 

12 Juan Bamon Trinker. 


Later, an old Zapotee told our interpreter 
about the same cave in Arroyo Jocotepec. A 
young man had heard of it and went there 
through the saeate, tapping with his machete on 
the side of the mountain, and poking through 
the aaoate until he had found a hollow place, 
which was the opening of the cave. He went 
in, and after he had gone in a long way, he came 
to a stream which he crossed, and a beautiful 
girl appeared, who said to him: There is a lot 
of treasure in this cave and if you carry me 
across the stream and get me out of here, the 
treasure will be yours, only you must not be 
frightened if I change into a snake as you cross 
the stream.” 

The young man took her on his back and car¬ 
ried her and as they came to the nuddle of the 
stream, she changed into a snake. He became 
frightened and threw her into the stream The 
snake went back to the side from which they had 
come and changed into a girl again She said, 
”How foolish you are. If you had taken me 
to the other side, I would have become a girl 
again and the spell would have been broken, and 
you could have married me and had all the 
treasure. ’ ’ 

The old Zapotee said that the same thing had 
happened to several other young men at one time 
or another, but to only one that ho knew 

In Lachixola we found no witches or 
Nahuales and no witchcraft stones were 
forthcoming. The existence of such a 
thing was vigorously denied, A longer 
visit might, nevertheless, uncover such 
practices and beliefs as found in adjacent 
villages. In the town of Jocotepec, Lach¬ 
ixola was reputed to be teeming with 
witches, and m the latter they said that 
there were many witches m Jocotepec. 
In Lalana, however, the parent town of 
Lachixola, there was much talk of Nahu- 
ales and brujerta, and the following tales 
were collected These are all cast in a 
rigorous pattern that is found in nahual 
and many iona, or animal double stories 
throughout Mexico, and in the litera¬ 
ture.^® 

Nahual stories told at Lalana by Maria 
Sanchez, whose brother-in-law was re¬ 
puted to be a rtahual, June 3, 1936: 

A man called Guadalupe Martmes found that 
one of hia piga had been killed by a tiger. He 

18 Bibliography of Nagualiam in the Paul 
Vandervelde Library in Oaxaca. 
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knew that probably the tiger would return the 
next evening about the same time. He there¬ 
fore decided to lie and wait for it, and he had 
hie friend have a flashlight ready while he held 
the shotgun. When they heard a sound where 
the pigs werO) the friend flashed a light and the 
tiger leaped over the wall of the pig pen. 
Guadalupe shot, but the tiger ran away. How¬ 
ever the flashlight showed traces of blood so 
that he knew the tiger was hit. He set his dogs 
on the trail and he and his friend followed. 
The trail led to the house of Jose Gardozo who 
was generally suspected of being a nahual. 

When they arrived at the latter’s house, they 
saw the door of the house just being closed. 
They knocked and called, but it was a few min¬ 
utes before they were admitted and they found 
Jose Gardozo in bed, apparently in great pain 
They asked his wife what the matter was and 
she said he had been feeling badly since morn¬ 
ing Yet he died that night 

When Guadalupe shot the tiger, he saw that 
he wounded it in the shoulder, but it managed 
to jump the fence anyhow At Jose Gardozo's 
house, they saw that he was clutching his shoul 
der under the covers, but his wife said he had a 
pain in his stomach i4 

Two old women in Lulana, who were both 
Nahualea, had a violent quarrel, and after the 
quarrel, a fox would keep coming and killing 
the chickens of one of the old women The fox 
did not eat the chickens, but merely killed them 
The owner realized that the fox was the other 
woman, her enemy She made a strong solution 
of hot chill pepper and lay in wait for the 
fox That night, as tlie fox ran out of the 
chicken coop, she threw the solution in its eyes 
From that day on, the other woman, her enemy, 
whoso eyesight had been good, was blind and 
she never left her house again even to go to 
church. Formerly, she had gone to church every 
day. 

There were two old men from near Lalana, 
who used to come to Villa Alta on Monday’s 
market to sell salt. They had a quarrel One 
of the old men became ill afterwards, and nobody 
could discover what the matter was. One of his 
friends noticed that every night a great bird 
like a turkey, used to come and perch on a 
branch of a tree near the house. By this time, 
the sick man was nearly dying The friend 
shot the bird and by moniing, the sick man was 
quite well. The bird was killed on Saturday 
night. On Monday the old man went to the 
market in Villa Alta. He saw that his enemy 

14 <<Tiger’’ is merely the literal translation 
of ’' iigre, ’ ’ the word used for the jaguar, which 
roams that country. 


was not there. He asked where he was, and was 
told that he died Saturday night. 

Dona Maria’s father had a quarrel 
with his son, who became very angry 
with his father and said to him, ‘‘You 
will wake up dead (Amanecerds 
muerto ) I am a nahu^V^ The father 
turned and hit him in the face and broke 
his nose, so that the blood came Doha 
Maria commented that if a nahual makes 
a threat, he can be rendered powerless 
to do harm if the threatened person hits 
him in the face until the blood comes 

She also said that Jose Anacleto, who 
lives on his rancho near Lalana, is the 
only living nahual left, but she went on 
to add that nahuales get their power to 
change into animals from the smooth 
stone on the Cerro de Ocote just off the 
road to Playa Vicente, about half a day’s 
journey from Lalana A power is re¬ 
ceived by praying to the stone. She told 
us that the nahuales from Latani stole 
the stone from the nahuales of Tepinapa 

From another source,^® it was affirmed 
that a village called Rio Tinto, near 
Tepinapa, was destroyed by the nahuales 
from Tepinapa, and the remaining fami¬ 
lies founded the village of Lachixila. 

The Chinantec guide, who conducted 
us from Lalana to Choapam, said he had 
once shot an animal who was a nahual. 
He said that in order for a nahual to 
change into an animal ho must go to a 
special place m the woods, where prayers 
and offerings are made. He must take 
off his clothes and roll naked down the 
hill, and as he rolls, he turns into a Ugre^ 
or a fox, or some sort of an animal. 

A first-hand account of how a man 
became a nahual without realizing for 
some time that he was one was given to 
me at San Jose Rio Mmzo by his wife, 
Magdalena Contreras, a much sought- 
after and well-known curandera in this 
district. The story is of special interest 

IB From Jose Gruz, now of Montenegro, for¬ 
merly of Lachixola. 
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because it shows that a definite involun¬ 
tary, psychological state may exist in an 
individual, which causes him to regard 
himself as a witch If it is possible to 
accept his wife^s statement as evidence,^® 
this report is the record of a psychological 
case,^’ which means that it is in a cate¬ 
gory quite distinct from mere folklore or 
a traditional tale Sufficient items of 
the life history of the individual are 
given as associations, thus making it pos¬ 
sible to understand this case as one of 
dissociation of strong murderous and ag¬ 
gressive impulses, in spite of fantasy 
elaborations of his wife 

Told to Miss Natalie Scott and myself 
on May 27, 1936 

Mj husband, who was from Lalana, was the 
eldest of a large family His mother and father 
were normal people He was given to dts of 
violent temper from childhood on I married 
when I was 16 and then went to live on a little 
cotton plantation below £1 Socorro on the Bio 
Manzo He was a good worker and kindly, ex¬ 
cept when he had his fits of temper, which would 
come on as sudden as thunder. When drunk, he 
was always violent and cruel In a fit of tem¬ 
per or when drunk, he would boat me with a 
stick or cut me with a machete. 

After we had been married about 12 years, 
he began tellmg about the dreams he had. He 
used to dream that he was ranging the moun¬ 
tains, domg harm and killing lots of animals 
He would dream that he went to a place where 
there were lots of turkeys which flew away m 
great fright He would dream that he found 

Mana Contreras ’ husband had died four 
or flve years before according to the statements 
of other individuals in her village, and at £1 
Socorro nearby he was regarded when alive as 
a nahualj and was known to be a man of violent 
tempers. 

17 In France cases of individuals who regarded 
themselves as werewolves and believed that they 
changed into wolves and roamed the country kiU- 
ing animals and children are recorded in the 
past. Cases tried at Angicrs m 1598, and at 
Bordeaux in 1603 occurred in both of which the 
accused were convicted of being werewolves, but 
were treated as insane (Enoycl, Bnt ^^Lycan- 
thropy.") 

IS Maria Contreras spoke no Spanish but Juan 
Bamon Trinker, who spoke fluent Chinantec, 
acted as interpreter. 


himself in a place where there were dead sheep, 
calves or pigs, and he would know that he had 
killed them. He would also dream that he was 
chasing animals to kill them. 

He asked mo why he was dreaming such things 
and I said it was just foolishness. The dreams 
contmuod for three or four years, and worned 
him. He never thought he was a ndhudl. 

One day he went to Playa Vicente on an er¬ 
rand When ho reached the beach, he suddenly 
felt very sleepy and lay down and slept and 
dreamed that he was shot through the abdomen. 
When ho awoke, he felt so ill he started home 
at once About an hour out at Boca de Savana, 
bo saw the head of a ttgre, which had been 
burned The people there told him that this 
tigre had been doing so much damage to the 
animals that a large group had gone out to hunt 
it They had shot it, skinned it, salted the skin, 
and burned the body 

When he reached home, he felt very ill and 
blisters appeared on his hands and mouth and 
ho didn want to eat, but was very thirsty and 
he drank many jars of water because of the salt 
they had put on the tigre He realized then 
that the tigre was his nahual. 

Pour days after his dream and after having 
seen the head of the ttpre, he died During this 
time, he complained of the pain in his abdomen, 
although there was no sign of injury there The 
night he died, there was a full moon I was 
alone in the house with hun, while the two chil¬ 
dren slept, with all the doors closed. I heard 
something outside and my first thought was that 
it was a pig, but then I realized we had no pigs, 
I went to the door and opened it just a crack 
and clearly saw a tigre in the moonlight, snuff¬ 
ing at the house The tigre kept circling the 
house and snuffing and even scratching at the 
house Just before my husband died, the tigre 
roared several times I spoke to him about it 
and said, *'DonH do me any harm, even if you 
are a nahual, * * and he said, “Don be worried; 
it wonH hurt you “ After that, he died. 

On the skin of the left shoulder of the tigre 
that had been killed, were seen the letters of my 
husband’s name 

In a previous work, I have given in¬ 
stances among the North American In¬ 
dians of witchcraft, as well as many other 
aspects of culture arising from dreams 
The above case is an example of a person 
realizing that he is a witch from his 

i»J S Lmcoln, “The Dream in Primitive 
Oultures,’’ p 76 The Williams and Wilkins 
Go, Baltimore, and The Cresset Press, London. 
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dreams. The content of the dreams, to¬ 
gether with the items of life history, 
clearly show that violent murderous 
wishes and aggressive impulses, which 
are largely repressed, dissociated and 
projected onto external events are some 
of ^6 psychological factors at the basis 
of nagualism as an actual practice. 
Proof of this is given by the fact that 
he identifies with the murderous Ugre 
who was. shot for doing harm to the 
neighborhood. There are obviously many 
more factors to nagualism both psycho¬ 
logical and historical than mentioned 
here The above is merely a superficial 
analysis obvious to any psychologist 
In conclusion, the traits that can be 
singled out to differentiate the southeast¬ 
ern Chmantla culturally from other sec¬ 


tions are, the monosyllabic isolating Chin- 
antec language with its many difficult 
tonal changes (with two dialects in the 
northern and southern sections) the 
almost complete absence of handicrafts 
such as weaving and pottery making, 
although the people are close neighbors 
to the Zapotec experts in both these 
crafts, and the concentration of witch¬ 
craft belief, folklore, and practice. 
Witchcraft patterns are found through¬ 
out Mexico but appear especially concen¬ 
trated in this region, and offer a most 
fruitful field of research for the psycho¬ 
logically trained ethnologist The report 
of the Pan-American Union of Mexico 
City now in process of being made is sure 
to present a more comprehensive study 
of this interesting and unspoiled area 


EXTRACTS FROM TWO UNPUBLISHED 
LETTERS OF LINNAEUS 

By Dr W. M SMALLWOOD 

PBOriSSOB or OOMPABATIVK AKATOMT, SYBAOUSS UNIVEBBITT 


Durinq the summer of 1937, Mrs. 
Smallwood and I were examining the 
letters and lectures of eighteenth-century 
professors at the University of Edin¬ 
burgh in an effort to discover what the 
American boys who had studied at that 
great institution were taught m the realm 
of natural history. Among these manu¬ 
scripts we came upon several letters ex¬ 
changed between Linnaeus and Walker, 
which we found very interesting, and 
from which I am here including brief 
extracts For permission to copy and 
publish these Linnaeus-Walker letters, I 
wish to thank P. C. Nicholson, Esq, 
librarian at the University of Edinburgh 
The possible distribution of one of the 
Alpine heaths m Scotland or Ireland— 
the mistaken interpretation of the capsule 
of the moss—^the study of zoophytes as 
plants—^these are among the natural his¬ 


tory problems discussed by Linnaeus and 
Walker 

Si Yous faites xnoi la fayovr de Besponae 
dinger, B ’ll voub plait, par la route de la Poste, 
M John Walker Mixiiatre de I’EgliBe, de Qlen- 
corse, a Edinbourg, en Ecosse [Scotland]. 

Thus ran the close of the Reverend 
John Walker's first letter to *‘My Dear 
Sir, Linnaeus, Knight of the Pole Star, 
Physician in service of the King of 
Sweden, and Professor of Botany at 

ao Jaime de Angulo, '^The Zapotecan Lin¬ 
guistic Group.'' International Jour. Amertoan 
Linguistioe, 8 * 1, December, 1933 
211 wish to express my thanks to Miss Natalie 
Scott, of New Orleans, whose thorough knowl¬ 
edge of Spanish and trained expenence in the 
by ways of Mexico -vs ere inyaluable to my wife 
and myself, and to Don Manuel Gracida, of 
Oaxaca, who so conscientiously and expertly 
guided us and our horses through the difficult 
and sometimes dangerous mountain trails. 
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Upsala, Sweden/’ written on January 
the eighth, 1762 The reading of these 
letters takes us back to that interesting 
period when men were beginning to bring 
a little more order into their observa¬ 
tions $ and their phraseology reveals a 
generosity and friendship in which we of 
to-day are too busy or too thoughtless to 
participate. I am grateful to Dr L W 
Sharp, of the library of the University of 
Edinburgh, who carefully checked the 
copies of these letters with the Latin 
originals. I am also indebted to Profes¬ 
sor Perley Oakland Place, of Syracuse 
University, for their translation Their 
Latin, according to Professor Place, re¬ 
veals numerous echoes of Cicero’s style 
combined with colloquial freedom in the 
use of cases Although the letters were 
written in Latin, the complimentary end¬ 
ings were in French. 

The four letters which were exchanged 
between these two men over a brief period 
of eighteen months throw much light on 
the interest taken in botany and zoology 
by the amateur preacher-naturalist, who 
was, in 1779, to become a professor of 
natural history at the University of 
Edinburgh, and the already-famous 
Swedish scientist. 

When Linnaeus received John 
Walker’s first letter, he was busy with a 
revision of his ‘‘Systema Naturae,” 
which 18 popularly known as ”the thir¬ 
teenth edition ” He had recently been 
presented with a gift from the King of 
Sweden and had been permitted to name 
the successor to his chair at the Univer¬ 
sity of Upsala The time had come when 
Linnaeus was feeling the burden of his 
teaching duties, and he had written to 
Chancellor Hdpken, at the university, 
that, ”as he had regarded science more 
than his life, he had worn out his body, 
shortened his days, and brought on too 
soon the infirmity of old age 

Walker clearly recognized the great- 

i‘‘LinnaeuB/' B Dajdon Jackson (London, 
1923), 324 


ness of the man to whom he was writing; 
for, in his first letter he said: 

In the field of Botany (7n re herhana) you 
have seued, in advance of all, the palm of vic¬ 
tory, 80 that you have ascended a pinnacle to 
which the discouraged hearts of others never 
attain. Your own genius has opened this path 
of glory, it has carried the torch, it has lifted 
the sign^, it has laid firm foundations for your 
honors 

The English Church at Glencorse was 
some twelve miles south of the city of 
Edinburgh, but this did not deter the 
young pastor, The Reverend Walker, 
from taking an active part in the intel¬ 
lectual doings m the city There was the 
university with its famous medical 
school, and several societies whose mem¬ 
bers were drawn both from the university 
and from those residents of the city and 
of nearby towns who were especially 
interested in natural history 

These letters were partly concerned 
with an invitation to Linnaeus to become 
an honorary member of the Philosophical 
Society, organized in Edinburgh in 1739 
Walker was very frank in telling Lin¬ 
naeus about the manner in which the 
activities of the society had declined, and 
the eagerness of some of its members to 
revive them 

The Society that was established in Edinburgh 
to promote philosophical studies, although it has 
faded for a long time, is, nevertheless, I hope, to 
bloom again, and in the future (the members) 
wiU employ greater diligence, m order that Nat¬ 
ural Science may gam increase; and their own 
work will be brought more often mto the light 
of day I desire to know whether the volumes 
which this Society has made available to the pub¬ 
lic have come mto your hands, or, if you nave 
been without the opportunity of reading them, 
by what route they can be brought to Upsala. 
Furthermore, I ask you to inform me whether 
you wish ours to be the one of the Societies vdth 
which Lmnaeus deigns to associate himself . . . 

Because of my regard for Botany I can 
scarcely endure with a calm spirit its present 
neglect I have desired to put an end to this 
neglect, and I have determined to ascertain 
whether it is possible. Impelled by this purpose, 
I seem to feel that the best plan is to present 
this science briefly and to make it easier at the 
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beginning, in order that by this plan the hearts 
of the young may bum with desire to learn Bot¬ 
any. And, furthermore, nothing could better 
contribute toward the attainment of this end 
than catalogues carefully compiled of foreign 
and native plants. This is apparent from the 
general agreement of Botanists, since by far the 
most numerous classes of Botanists are the 
^^Adonistae” and ‘^Ploristae ** 

The lack of activity, or present 
neglect,’^ of which Walker complained, 
was probably due to the Scottish uprising 
in 1745 which aimed to place Charles, the 
Stuart Pretender, on the English throne. 
In 1752 the society’s meetings were re¬ 
sumed; and in 1782 the ‘‘Philosophical 
Society” was rechartered as the “Iloyal 
Philosophical Society of Edinburgh ” 

Charles Alston’s long teaching career 
was drawing to a close He had been 
trained at Leyden under Boerhaave, and 
was the last of the apothecary teachers 
He was an intense opponent of the new 
Linnaean system; and his final scholastic 
effort, after he had retired, was to pub¬ 
lish a paper which he hoped would defi¬ 
nitely refute the pernicious sexual sys¬ 
tem. “A Dissertation on Sexes in 
Plants ’ But this last of the Edinburgh 
herbalists, or “Adonide,” was to be dis¬ 
appointed; for the Reverend John 
Walker, seeking the favor and help of the 
man whom Alston had opposed, was lay¬ 
ing the foundation for a different method 
of teaching, of which he was to be the first 
exponent at Edinburgh 

At the time these letters were written, 
teaching at Edinburgh was of a practical 
nature and centered in herbal gardens, 
fundamentally established for apothe¬ 
caries and medical students The main¬ 
tenance of these gardens was so great as 
to make them impractical for general 
study Walker wrote that “a different 
way ” must be found “according to which 
the hearts of the young may be inspired 
by this study ” He lamented that the 

s Charles Alston, ''A Dissertation on Sexes m 
Plants,^* from Physical and Literary Essays, I, 
second edition (1771). 


Scottish youth had neither a list of their 
local plants, nor was there a local herbal * 
“. . . we are equally destitute of Floras 
and Adonides [stc] Nothing of this kind 
IS superior to the Compendium of Ra- 
jus,” he said, but it, the Compendium, 
IS not at all “suitable for Scotland, since 
the testimony of the authors relates only 
to regions of England ” 

Apparently Walker had made up his 
mind to “break” with the local teacher of 
botany, Alston, for he wrote “And since 
I have decided to follow the sex-system, 
I thought that it was best to consult the 
author of it ” This long letter concluded 
with a description of the common moss, 
Bryum striatum 

To this first letter Linnaeus replied as 
follows 

Charles Linnaeus, Knight, sends greeting to 
John Walker, a most distinguished gentleman 

For a long time now I have been grieved be¬ 
cause, after my good fnend I’sac Lawson died, 
I have not found in all Scotland a fnend with 
whom I could discuss the plants of that region, 
and by whom I could be instructed in them 
And so with happy omen you, honored Sir, have 
come into my path Therefore, for both reasons, 
I eagerly receive your groat service to me, and 
I acknowledge it with gratitude 

There can be no doubt that Scotland will be 
found to rejoice in a great many very rare 
plants, not m the list of Bajus, nor in other ac¬ 
cessible works, since your region abounds m very 
high Alpine mountains, forests, and waters. For 
many years I have left no stone unturned, that 
I might obtain one perfect specimen of the Erica 
Daboecii ^ Nor have I been able to obtain 
it, it 18 , to be sure, a plant of Ireland, and is 
not a native of Scotland, but I do not doubt 
that it 18 even found in your Alpme moun¬ 
tains . . . 

I have read the Edinburgh Proceedings, [Pro¬ 
ceedings, Philosophical Society of Edmburgh], 
which are for physicians the most excellent pro¬ 
ceedings of all the learned Societies In them 
I have found but few things pertaining to 

8 Through the courtesy of H D House, Esq., 
New York State botanist ^t Albany, we learn 
that ^*Enoa Dahoeeii (Linn Sp PI. ed 2, p. 
509) is now designated as Dahoeota poltfolia 
Don (Ericaceae), and related to Erica. Distrib¬ 
uted from northern Spam and adjacent France 
to Ireland.” 
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Botanj, except the ipecies of Caldenii^ and 
Eypertot » 

You aak whether I should wish to be received 
into this famous Society; I do not see how it 

could be done, as long as Cl-is a member, 

[atro earhone] who has put such a black mark 
against my name. 

It has been difficult to interpret the 
meaning of Linnaeus’ expression, ^‘atro 
carbone.” Our first thought was that 
black-balled” was indicated; but Mr. 
Nicholson, librarian of the University of 
Edinburgh, doubted there having been 
any such action as ”black-balling” im¬ 
plies We then sent a copy of the com¬ 
plete paragraph to Dr. M L. Green, at 
the Royal Botanic Gardens in London 
She, in turn, submitted the problem to 
Mr. Savage, of the Lmnaean Society— 
and three possible translations were thus 
suggested, from which we have selected 
the most literal ® We have also consid¬ 
ered whether the ”C1-” might not be 

”A1-,” meaning Alston, but there 

seems to be no doubt but that Linnaeus 

wrote ”C1-,” and we are unable even 

to guess as to whom he refers 
Walker attempted to fit his observa¬ 
tions on the moss, Bryum striatum, into 
the taxonomic pattern used for flowering 
plants as male and female flowers.^ This 
A Mr. House also tells me that ^^It is ex- 
tremely likely that the name *Calden%%* refers to 
Coldenia, a Linnaean genus of the Boraginaceae 
There is no botanical generic name Oaldenia 
(or ‘ium).** 

0 According to Mr House, Hyperiei would 
naturally, as I had suggested, refer to By- 
perioum, 

• Dr. M. L Green suggested in a letter to the 
writer: * * Therefore I think it is better to trans- 
late the passage in one of the following ways 
do not see how it could be done as long as 
Cl-is a member who has attacked me so viru¬ 

lently,' Of ‘ . . who has disapproved of mo so 
strongly,’ or * . . who has put such a black 
mark against my name ’ ’ ’ 

7 With Walker's first letter to Linnaeus, he 
enclosed the following, together with drawings 
of plants* 

Character of Bryum striatum (8p PI p. 1116, 
n. 2) 

Male flower 

terminal, solitary, sessile. 
Filaments eight, compressed, con- 

nivent, of which the 


mistaken observation excited Linnaeus 
and he wrote; 

With amasement I read your description of 
the Bryum Striatum, and with great impatience 
I am awaiting the first days of spring, when I 
can search for the male flowers of this Bryum, 
which you first discovered and thus anticipated 
me, surely if I shall find in it the eight named 
stamina, that moss, with your observation, will 
unlock a new chamber of Nature, through which 
we shall enter a hitherto hidden palace of Na¬ 
ture , nor will there be a doubt that we shall have 
similar success in the other mosses. If this 
should happen, as I ought not to doubt your 
eyes, surely it would brmg to you immortal fame. 
As a result of this one experiment I do not doubt 
that you are one of the keenest Botanists.^ 

Continue, as you have begun, and enter the 
hidden places of Nature, and conquer new king¬ 
doms there; and, furthermore, keep in your heart 
your love for me 
Upsala, February 22, 1762 

If you write in reply, address your letter to 
The Royal Society of Sciences of Upsala; I open 
all its letters. 

Walker was successful in his request 


Anthers 

Receptacle 
Female flower 

terminal. 

Peduncle 

Calyx 

Pistil 

Pericarp 

Seed 

Receptacle 


four in the middle are 
shorter 

eight, blackish purple, 
sub-rotund, incum¬ 
bent, sprinkled with 



solitary, on a different 
plant. 

very short, filiform, 
calyptra conical, striate 
and pale. 

ovary ovate . . . Oper¬ 
cular style deciduous, 
spherical at base, fili¬ 
form toward the apex. 
. . Stigma acute. 

Capsule ovate, unilocu- 
late, the mouth with 
slender teeth, 
powder-like. 
foliaceouB. 


• Dr. M. L. Green, in a letter to the writer, 
said: '*The scientific problem involved in the 
life cycle of mosses was fully cleared up in Hof- 
meister's 'Vergleichende Untersuchengen,' pub¬ 
lished in 1851. An English translation, pro¬ 
duced by the Ray Society in 1862 under the title 
of the 'Higher Cryptogamia,' included also his 
cognate researches on the Coniferae. This great 
synthesis, which brought alternation to the front, 
has proved itself to be the foundation for all sub¬ 
sequent morphology of land-living plants " 
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that Linnaetus be made a member of the 
Philosophical Society, as shown in his 
second letter, dated October 12,1762. 

I have received your letter written at TJpaala, 
a most welcome letter, since I learned from it 
that you are well. With very great pleasure I 
welcome this opportunity to inform you, at the 
request of the Edinburgh Society, that on June 
17 you were unanimously elected to membership. 
On the some day John, Count de Bute, and his 
brother, Mr Steuart McKensie, natives and orna¬ 
ments of Scotland; one, to-day governor of the 
whole British Empire; the other, envoy to the 
king of Sardinia, these were received into this 
Society. 

I have explored the Scotch mountains this 
summer in quest of Ertoa Eibemioa,^ but thus 
far to no purpose. Ireland at this time provides 
no one experienced in the field of Botany 1 
have written to the Bishop of Ossory (Mr. 
Pococke, Asiatic traveller), and to a physician 
in the town of Dublin, and, if the matter turns 
out well, you will hear later. 

To return to the first letter, referring 
to his proposed list of plants, Walker 
said* 

To this Flora I have decided to add a cata¬ 
logue of the Submarine Zoophytes, of which very 
many are found on the nearest shores Accord¬ 
ingly, I have chosen this opportunity of leading 
those who are interested in the science of Botany 
to a knowledge of these sea-offsprings, not a few 
have the opportunity in warmer regions to ex¬ 
amine the Zoophytes while these are still alive. 
In the history of these, much is lacking, since 
thus far they have been examined in carefully 
preserved specimens. Although animal life plays 
the principal part in these mixed bodies, never¬ 
theless, when they are arranged in order, they 
should, I think, be considered plants rather than 
animals, because their species can best be inves¬ 
tigated from their ramification and external 
appearance, rather than from the microscopic 
living things that constitute them and dweU in 
them. 

To which Linnaeus replied. ‘‘I do not 
doubt that you can wonderfully enlarge 
the history of Molluscs, Zoophytes, Lytho- 

• On consulting Mr. House, I learned that 
**Er%oa hibemiea Syme (and apparently Lm- 
naeus did not coin this name) is a synonym (fide 
Index Kewensis) of Enca mediterranea iWi. 
Distributed from Ireland through southern 
Europe.*^ 


phytes,^® even now incomplete. I wish 
that you would undertake this.^' 

Linnaeus, at this same time, was carry¬ 
ing on an active correspondence with 
John Ellis, who was the foremost student 
of corals, and was maintaining in a letter 
to Ellis, dated September 16, 1761, that: 

Zoophyia are constructed very differently, Uv- 
u^g by a mere vegetable life, and are increased 
every year under their bark, like trees, as appears 
from the annual rmgs in a section of the trunk 
of a Oorgonxa They are therefore vegetables, 
with flowers like small animals, which you have 
most beautifully delmeated. AU submarine 
plants are nourished by pores, not by roots, as 
we learn from Fuoi, As Zoophytes are, many of 
them, covered with a stony coat, the Creator has 
been pleased that they should receive nourish¬ 
ment by their naked flowers. He has therefore 
furnished each with a pore, which we caU a 
mouth. AU living beings enjoy some motion. 

The Zoophytes mostly live in the perfectly 
undisturbed abyss of the ocean. They cannot 
therefore partake of that motion, which trees and 
herbs receive from the agitation of the air. 
Hence the Creator has granted them a nervous 
system, that they may spontaneously move at 
pleasure 

Corals were classed as Lythophytes, 
and sponges and Hydroids made up the 
Zoophytes. It was more than fifty years 
after the dates of these letters that these 
terms were finally given up The name 
‘‘Porifera"' was adopted in 1835, and 
‘^Coelenterata,^’ m 1848 

As we read further in these letters, we 
see that rare plants and Zoophytes were 
but phases of the interests of Linnaeus. 
Mr Alexander Dick’s practical manufac¬ 
ture of paper from plants—^his own cor¬ 
rect information about the metamorpho¬ 
sis of the May-flies—^his credulity in 
partially accepting Walker’s description 

10 << Zoophyte ’ * is an old term, having been 
used by Aristotle. It was more than 2,100 years 
later that these * * animal plants *' were correctly 
mterpreted. ‘‘Lithotype** was used by Sir T. 
Browne, in 1646: ''Thai Corail (which is a 
Lithophyton or stone plant.” LyeU, in 1875 
retained this term. It was used much later for 
lichens and mosses by Kemer and OUver. 

Correspondenee of Linnaeus, compiled by 
James Edward Smith (London, 1821), 1,161. 
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of the moss flowers—all reveal the charac¬ 
ter and scope of the famous Swedish nat¬ 
uralist’s mind. 

Walker wrote; 

Becently I have observed Ephemera to shed 
its skin entirely^ and that instar to shed a skin 
while in the winged stage of its life I do not 
know whether this metamorphosis has been ob¬ 
served by others; I have noticed it in all the 
specimens of Ephemera . 

In this packet of letters you will find speci¬ 
mens of paper, and of the plant from which it is 
made A large supply of this paper was made 
in the beginning of the present year by the noble 
Sir, my most upright friend, Mr Alexander Dick, 
Golden Knight, most worthy President of the 
Boyal Edmburgh College of Physicians. This 
aquatic plant grows in very groat abundance in 
ponds at his \illa near Edinburgh, and I wish 
you to mform me whether it is Confera Bullosa^ 
Syst Nat , p 1346, n 3 He asked me to send 
to you, with his best wishes, these specimens, 
along with the paper, named Linnaea after his 
daughter 

Linnaeus, in his second letter, first 
acknowledged the honor of his election to 
the Philosophical Society, then com¬ 
mented on the specimen of paper, which 
Walker had sent to him. 

A most friendly letter, written by you last 
year, m fact, on October 12, I received fourteen 
days ago, I do not know where it has remamed 
unnoticed so long With deepest gratitude I 
acknowledge the esteem with which the illustri¬ 
ous members of the renowned Society of Edm¬ 
burgh have received me, when they wished to 
adopt me as a member of their Society Would 
that I could return their kmdncss m a manner 


worthy of them! Yon recommended me, I hope 
without detriment to your reputation 

I am sorry that Erica Hibemioa has with¬ 
drawn from its fellow-countrymen. But, if Al- 
pme, I know by experience how difficult it is to 
find Alpme plants. I am astonished at his skiU 
in making paper from a water-plant; certainly 
it is a beautiful success, I think that it must 
be the Confera BuUataf everywhere of most fre¬ 
quent occurrence; surely it can be prepared from 
other water plants. I certainly wonder that Mr. 
Alexander Dick could have foretold this. Please 
greet the noble maid who has inscribed this paper 
with my name. 

In regard to the metamorphosis of the 
Ephemerae, the fact is very well known among 
Zoologists The specimens of Bryum Striatum 
were beautiful, but even now I doubt whether 
they are true stamens, or another off-shoot; 
surely m most mosses the anthcra is concealed in 
the cover {operculum) itself, as I have shown in 
my dissertation on the Buxhaumxa I wish that 
you would undertake the task of provmg this, 
and that you would consult many: you can best 
do this, I can not, as I am not in the city. . • . 

These brief extracts from the corre¬ 
spondence of the two naturalists, one the 
great Linnaeus, give an intimate and 
accurate picture of the activities of the 
two men, and carry within themselves 
their own interest The letters are long, 
but the extracts which I have made in¬ 
clude all the matter of any considerable 
scientific importance. According to Dr. 
L. W. Sharp, who has charge of the de¬ 
partment of manuscripts in the library 
of the University of Edinburgh, these 
Linnean-Walker letters have not hereto¬ 
fore been published 



THE EXACT SCIENCES IN A LIBERAL 
EDUCATION 

By Dr. G. P. HARNWELL 

BIBSCTOB or THK BANDAL ICOBOAN LABOBATOBT OF PHYSICS, 

UNIVERSITY or PENNSYLVANIA 


Before attempting to discuss the place 
of the exact sciences in a liberal college 
curriculum I should like to briefly define 
what IS meant by this title. The exact 
sciences are physics and chemistry, 
though mathematics, considered as a body 
of knowledge based upon experience, is 
included as well Physics, with its con¬ 
tacts with mathematics on the one hand 
and chemistry on the other, and its vast 
fields of practical application, is the most 
representative division of the exact sci¬ 
ences and provides the best illustrations 
of the scientific method The word lib¬ 
eral, however, is more difficult to define 
It has seven or eight specific meanings for 
the lexicographer, and any one who has 
followed the recent correspondence m the 
magazine Time regarding the liberalism 
of President Roosevelt realizes that it has 
as many popular meanings as there are 
interpreters My understanding of the 
word as applied to education is merely 
the differentiation of the general term 
from technical and professional instruc¬ 
tion The role of the sciences in the pro¬ 
fessional fields is so obvious as to need no 
discussion, but there is often a tendency 
to consider that science is only the con¬ 
cern of the technician and that it is for 
him merely a tool to be used during the 
forty hours per week in which a benevo¬ 
lent government permits him to work 
This is much too narrow a view, for the 
exact sciences occupy the most important 
position in any modern curriculum de¬ 
signed to produce a liberal education 
I should, perhaps, exclude the case in 
which liberality has been carried so far 
as to have become a travesty on education. 


If the educator is so liberal that the edu- 
catee is free and untrammelled to wander 
at will through the academic grove, choos¬ 
ing what fruits please his immature fancy 
to the great detriment of his intellectual 
digestion, there is no need for the edu¬ 
cator and little occasion to have any of 
the fruits of the exact sciences available 
These fruits would not mature in such an 
uncongenial atmosphere, and should they 
perchance be selected, there is little likeli¬ 
hood of their being digested. The ex¬ 
treme example of this is a program made 
up of elective survey courses Such a 
curriculum overlooks the fact that it is 
necessary to know at least one thing well 
and establish a firm basis of competence 
over some small body of knowledge before 
proceeding to a broader understanding 
of other fields To reverse this order at 
the approach of intellectual maturity is 
the underlying cause of intellectual 
slovenliness and superficiality Such 
complete liberty of choice, based on the 
idea that the student knows what is best 
for him and tliat he is always right, 
amounts to license, and a faculty is 
greatly at fault if it does not chart cer¬ 
tain general paths or sub-curricula to be 
followed by different students according 
to their bents, in order that they may 
acquire a conception of the organization 
of a field of knowledge. 

The question as to what the well- 
educated man should know is too broad 
to be answered except in the most general 
terms He must, of course, be able to 
read and speak and write his own lan¬ 
guage. To make the last two accomplish¬ 
ments of any value to others than him- 
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self, be must be able to carry out certain 
simple logical thought processes. To this 
minimum should be added as wide an 
acquaintance with his cultural back¬ 
ground and surroundings as be can ob¬ 
tain ; this involves some familiarity with 
other languages, history and the arts. 
Finally the process of education is in¬ 
complete if the seeds are not sown that 
will result in the student himself making 
some contribution to the diffusion, appli¬ 
cation or enlargement of knowledge for 
his own sake and that of his fellows. The 
role of exact science in education will be 
considered in terms of these three cate¬ 
gories : as a training in exact thought, as 
the basis of our modem culture and as 
the mam stem of our intellectual growth. 

Consider first the development of logi¬ 
cal habits of thought The nature of 
science and the discipline it imposes pro¬ 
vides the best possible trainmg in accu¬ 
rate reasoning. Just as the trivium of 
grammar, rhetoric and logic provided the 
mental discipline of the medieval schools, 
this same discipline is provided to-day 
even more strictly by mathematics and 
the sciences. The necessity for ordered 
and accurate mental processes is not 
realized by the intellectually immature 
any more than a child understands why 
jam is an unsatisfactory diet. But it is 
the chief duty of the instructor to point 
this out by precept and example; to 
‘‘Leam, never grudge the pang; strive, 
never grudge the throe.’' Good mental 
habits can not be instilled painlessly, but 
the net return to any man on a mental 
investment is directly proportional to the 
effort and assiduity he himself has ex¬ 
pended. As in starting a savings ac¬ 
count, the first deposits are not easy to 
make. Study is not a heroic emotional 
action, but is undertaken only upon good 
advice and guidance. Nothing could be 
more valuable than a good set of skepti¬ 
cal, analytical and logical mental habits 
once they are acquired. As William 
James writes: As we become permanent 


drunkards by so many separate drinks, 
so we become saints in the moral and 
authorities and experts in the practical 
and scientific spheres by so many separate 
acts and hours of work. Let no youth 
have any anxiety about the upshot of his 
education, whatever the hne of it may be. 
If he keep faithfully busy each hour of 
the working day he may safely leave the 
final result to itself He can, with per¬ 
fect certainty, count on waking up some 
fine morning to find himself one of the 
competent ones of his generation.” Be¬ 
ware what you set your heart upon, for 
it shall surely be yours. The intellectual 
maturity represented by a disciplined 
mind is a thing greatly to be desired. 

Accurate habits of thought are ac¬ 
quired by one who studies the exact 
sciences. In addition, the mastery of a 
science results in the confidence en¬ 
gendered by an intellectual triumph that 
makes subsequent tasks easier. Science 
teaches its student the principles of logi¬ 
cal method He knows a premise or an 
axiom when he sees one, and he knows 
how to use rigorous syllogistic reasoning 
to obtain conclusions m which he has con¬ 
fidence He realizes that in so doing he 
has elicited no new fact, but merely al¬ 
tered his point of view, though tto is 
frequently most fruitful in leading to the 
revelation of new and suggestive relation¬ 
ships. Science brings out most clearly 
that careful observation is the raw mate¬ 
rial of accurate thought. If the original 
data are m error no amount of correct 
reasoning will provide him with signifi¬ 
cant results, for nothing will emerge from 
any amount of ratiocination that is not 
inherent in the premises. Conversely, if 
his data are correct, but his reasoning is 
not rigorous, he will be led into error. 
Finally, a study of science provides him 
with the essential technique for checking 
his conclusions by resorting to additional 
observation and experiment. This appeal 
to the facts is always the court of last 
resort. The prediction of hitherto un- 
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suspected facts and their subsequent ex¬ 
perimental renflcation represents the 
culmination of man’s logical rational 
endovmient. 

If this method were really understood 
in its true inwardness and applied by all 
educated men, the world would be a sim¬ 
pler and less fretful habitation. As an 
example, I have heard one of our leading 
political and social scientists say that the 
implication m the word science applies 
to this subject more from hope than from 
achievement. In this field the data are 
hard to get and require a skilful and im¬ 
partial sortmg and interpretation that 
they are seldom accorded. The pressure 
to avoid wishful and non-rigorous think¬ 
ing is resisted only by the most indepen¬ 
dent exponents of intellectual honesty 
What valid conclusions can be drawn are 
more frequently than not distorted or 
wilfully misinterpreted by special plead¬ 
ers The fact that errors are committed 
and incorrect results reached is concealed 
by pride and special interest rather than 
exposed by unbiased analysis. The emo¬ 
tional element that is injected into mat¬ 
ters concerned with our livelihood or 
human relationships has so far retarded 
the application of the rational methods 
of science that it is rare to encounter a 
political or social decision that has been 
based on the pertinent facts or merits. 

I am not such a pessimist as to believe 
that we can never surmount our pri¬ 
mordial instincts, emotions and narrow 
self-interest, m those matters where the 
common good so demonstrably requires 
rational ideals and behavior. But it is 
unlikely to be accomplished rapidly by 
the methods, if they can be called such, 
at present in use The difSculties that 
are encountered in extending the nice 
interplay of induction and deduction, 
which characterizes the scientific method, 
beyond the inanimate spheres are most 
formidable and must be clearly recog¬ 
nized The most difficult stage in the 
organization of any field of knowledge is 


the fiirst one m which the qualitative laws 
are formulated and quantitative pro¬ 
cedural definitions are established Clear, 
precise definitions are an essential for 
subsequent quantitative development. 
Outside the sciences there is no estab¬ 
lished precedent and the first steps carry 
little conviction. Whitehead makes the 
following statement in regard to mathe¬ 
matics, which IS true to an even greater 
degree for the physical sciences and is 
probably the reason that other branches 
of knowledge have not even reached the 
first stages of ordered description ‘‘In 
mathematics the greatest degree of self¬ 
evidence IS usually not to be found quite 
at the beginning but at some later point; 
hence the earlier deductions, until they 
reach this point, give reasons rather 
for believing the premises because true 
consequences follow from them, than for 
believing the consequences because they 
follow from the premises.” The initial 
inductive processes which he at the very 
foundation of any organized field of 
knowledge carry little conviction in 
themselves They, and the subsequent 
inductive and deductive steps, acquire 
cogency as we gam confidence in the cor¬ 
rectness and significance of the conclu¬ 
sions The exact sciences have developed 
somewhat past this point and the exis¬ 
tence of a well-tested theory lends credi¬ 
bility to a conclusion, though the last 
word IS always with experiment. But in 
the other branches of knowledge the de¬ 
gree of establishment of the fundamental 
prmciples has yet to reach the stage 
where they are really valid evidence for 
trusting conclusions based upon them. 
As this IS the slowest and least encourag¬ 
ing stage of development our current fail¬ 
ure to live logically is no cause to despair 
of our ultimately applving the scientific 
method to the less exact sciences and to 
human social and political activities. 

The bed-rock of rigorous method rises 
closer to the surface in mathematics and 
the physical sciences than anywhere else 
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in the curriculum, because of the sim¬ 
plicity of the fundamental concepts that 
are here involved and the formal s3nnbolic 
structure that has been developed for the 
reasoning and the statement of conclu¬ 
sions. Unfortunately, there is no analo¬ 
gous structure available in other fields of 
learning, and ordinary language must be 
used. The limitation thus imposed con¬ 
stitutes one of the chief difficulties both 
in the formulation of definitions and in 
their subsequent discussion. As White- 
head says* ‘‘The appearance of contra¬ 
diction IS always due to the presence of 
words embodying a concealed type of 
ambiguity, and the solution of the ap¬ 
parent contradiction lies in bringing the 
concealed ambiguity to light Words, 
however, must be used in any extension 
of the scientific method, for no formal 
symbolism such as that of mathematical 
logic exists in other fields. But they must 
be used with the greatest care and the 
utmost suspicion in view of our extreme 
fallibility. The implications and conno¬ 
tations of many ordinary words are such 
as to largely unfit them for the precise 
expression of ideas. Just as the word 
“liberal*’ may have a number of so-called 
“specific meanings” and an indefinite 
cloud of associational significance for 
each individual, so do all but the simplest 
words The technical perfection of the 
transmission of speech is such that our 
voices can be made audible on the oppo¬ 
site side of the world, but unfortunately 
the communication of ideas from one 
head to another is m no such satisfactory 
state. With only the imperfect channel 
of language available it is highly dubious 
whether ideas can ever be transferred 
with sufficient precision to justify cer¬ 
tainty of conclusion It is merely a pious 
hope on my part that the mental images 
aroused in you by the words I write have 
some few fundamental characteristics in 
common with what I have in mind The 
limitations that are thus imposed on the 
ordinary discourse of politics, art, litera¬ 


ture, and so forth, must be explicitly 
recognized if the grossest errors are to be 
avoided. The pitfalls inherent in the 
careless use of words and loose argument 
are particularly evident to one who is 
familiar with the discipline and rigor of 
science. It is clear to him that the pre¬ 
dictions of a scientific theory have a 
strong a pnon probability only because 
of the soundness and adequacy of the 
underlying data and the correctness of 
the reasoning based upon them. A 
familiarity with these methods acts as a 
touchstone with which to gauge the rela¬ 
tive cogency of any conclusion. If the 
data are dubious or incomplete or if the 
reasoning based upon them is ambiguous, 
argument is pointless The conclusions 
may or may not be true, additional obser¬ 
vations will alone decide, but they receive 
no a prion support nor do they suffer any 
prejudice from what is essentially an 
irrelevant argument. 

In considering the second aspect of the 
role of science in education, the various 
authorities display more unanimity of 
opinion than might be expected m defin¬ 
ing education as the introduction of the 
maturing individual into the life and 
culture of the group The most succinct 
definition of culture is that it is the intel¬ 
lectual content of civilization As our 
present civilization is particularly char¬ 
acterized by its scientific achievements, 
the exact sciences are the most cultural 
subjects in the curriculum Malinowski 
goes somewhat farther in the Encyclo¬ 
pedia of the Social Sciences and states 
that • “Culture consists of a body of com¬ 
modities and instrumental artifacts as 
well as customs and bodily or mental 
habits which work directly or indirectly 
for the satisfaction of human needs ” 
This introduces a second cultural aspect 
of science as including the material prod¬ 
ucts of its application. A Hospital, the 
Empire State Building, the Pennsylvania 
Railroad and the Queen Mary are most 
striking symbols of our culture, and all 
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the principles of their construction and 
operation are based directly on the exact 
sciences. 

The flowering of the scientiflc method 
IS the chief intellectual triumph of our 
civilization judged both by the subjective 
satisfaction it yields and by the objective 
results that it has achieved. At present 
it is less widely applied than its poten¬ 
tialities warrant, and the full force of the 
method has been felt but little beyond the 
flelds of mathematics and the exact sci¬ 
ences. In these flelds one sees clearly the 
successive stages of development asso¬ 
ciated with the scientific method There 
IS the initial accumulation of qualitative 
data, which suggest relationships between 
observable quantities. This is the most 
difiBcult stage of development, as it in¬ 
volves the formation of new mental con¬ 
cepts and connections Then follows the 
quantitative formulation, including the 
establishment of the essential definitions, 
in order that the subject-matter may be 
clearly and unambiguously stated. This 
inductive process leads to the theoretical 
structure which takes on more definite 
and detailed form by further experi¬ 
mental accretion A well-made, crucial 
experiment is the fundamental buildmg 
stone in the scientific structure which is 
held in a unified whole by the connections 
of theory. Unessential protuberances 
and excrescences are later pruned away 
by the introduction of the axiomatic and 
deductive point of view The essential 
fundamental concepts and crucial experi¬ 
ments are winnowed from the inevitable 
chaff that accompanies the first gropings 
for an ordered description of phenomena, 
which characterize the initial stages of a 
science The theory is modified and ex¬ 
tended, its interpretations are broadened 
and frequently its outlook is completely 
reversed without in any way disturbing 
the foundations which were built on care¬ 
ful and accurate data of observation. 
The final test of a scientific theory is its 
fruitfulness; the verifiable predictions 


that it makes. These predictions are all 
inherent in the original data, though they 
are not immediately obvious, but are sug¬ 
gested or brought to light by logical 
deduction A theory that is not forward- 
looking and does not lead to significant 
extensions and advancements is merely 
a beautiful but sterile structure of the 
imagination. 

If science is understood as an ordered 
quantitative description of material data, 
many of the misapprehensions regarding 
conflicts with human emotional processes 
are avoided. Science has nothing definite 
to say about what it can not define pro- 
cedurally and measure quantitatively. 
Oddly enough it has no concern with 
what I believe to be the popular concep¬ 
tion of reality, as the accurate corre¬ 
spondence of our observations with some 
transcending unobservable actuality. No 
scientist would contend that any theory 
or entity introduced to simplify descrip¬ 
tion has reality in any such unscientific 
sense It is no part of the physical 
sciences that an atom or electron is real, 
or that a theory is true, in any other im¬ 
plication than that it predicts correct 
observable results, and leads to hitherto 
unrealized relationships. On looking 
back over the historical development of 
the sciences it is evident that many of 
the false starts and blind alleys that have 
temporarily impeded progress have been 
due to over-active imaginations, which 
have carried analogies to unjustified ex¬ 
tremes and clothed conclusions, that 
could not be directly tested, with an un¬ 
warranted and incongruous significance 
In physics we speak of an electron or an 
atom as a particle, but m so doing, we 
realize that we must not complete the 
implied analogy and endow these entities 
with such characteris' as: shape, color, 
localized boundaries, hardness, and so 
forth, which are not their attributes at 
all Analogies and the mechanistic visu¬ 
alization of atomic or biological processes 
are frequently most suggestive, but if 
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their implications can not be tested, they 
are to be regarded with suspicion. 

Popular interpreters of science tell 
most interesting and instructive stories 
and fill an important place in our society. 
The fact that they cloak their material 
with a specious simplicity is hardly a 
valid objection to their method, for in 
essence science is simple once it is thor¬ 
oughly understood. Too often, however, 
they do not sufficiently guard the reader 
against unjustified extensions of their 
arguments by stating with sufficient 
clarity the limitations imposed on the 
validity of their conclusions More con¬ 
fusion than insight is apt to result from 
the elaborate exorcism of imaginary 
bogies, such as the conflict between 
science and the arts of religion This is 
mere windmill tilting, and it would be 
better to point out the complete isolation 
of science from concern in any but intel¬ 
lectual and material problems Fields 
having no point of contact can not by any 
stretch of the imagination be in conflict 
The matter is not clarified by the dark 
sayings of certain mathematicians who 
have modestly referred to God as ‘^The 
great mathematician,” ”The great geom¬ 
eter,” and so forth. The undefinable 
subject of this statement can never per se 
be endowed with any scientific signifi¬ 
cance Aphorisms of this type are the 
result of some mental configuration that 
the authors wish to express m words, and 
they doubtless conjure up some hazy 
mental picture m the minds of the audi¬ 
tors as Well. But it is idle to endow such 
statements with any objective signifi¬ 
cance, and preposterous to presume that 
the author and auditor have even re¬ 
motely the same thing in mind. I believe 
that God has never been called a great 
scientist, which is due less to our inherent 
modesty than to an attitude of mind that 
inhibits such a meaningless concept. 

A discussion of the scientific contribu¬ 
tion to our civilization through the mate¬ 
rial evidences and artifacts that have 


been evolved would lead us too far afield. 
But their effect on our mental processes 
and the reaction of material and techni¬ 
cal successes on our ordered thought is 
a definite phenomenon of the culture of 
our age, and as such, deserves brief com¬ 
ment. The importance of this aspect is 
recognized by Gilbert Murray when he 
writes: ”A machine is a great moral 
educator If a horse or donkey won’t go, 
men lose their tempers and beat it; if a 
machine won’t go there is no use beating 
it. You have to think and try till you 
find out what is wrong. That is real 
education.” There is much truth in the 
idea that we receive a very direct type 
of intellectual and moral education from 
our own mechanical devices. A machine 
IS a self-evident proposition that is a most 
convincing argument for scientific prin¬ 
ciples. The simplicity of its elements 
when they are taken apart and lie be¬ 
fore you, its direct functional character 
with nothing unessential or extraneous, 
its speed, precision, and rhythm, and the 
satisfying sense of ordered consequence 
it evokes are all educators. I have no 
doubt that they have restored to many 
men their confidence in the ultimate ra¬ 
tionality of their universe, when faced by 
the unjust, irrational and feckless con¬ 
duct of their human companions. It is 
not surprising that a racial predilection 
for metaphysics should lead Kipling’s 
McAndrew to rationalize the universe 
satisfactorily to himself in terms of his 
ship’s engines, and to see ”Predestina¬ 
tion m the stride of yon connecting rod.” 
A skilled artisan is to some extent an edu¬ 
cated man, not alone through the skill he 
possesses, but because of the mental habits 
formed by his association with mecha¬ 
nism. This is evident to me when I con¬ 
trast the garage mechanic of to-day with 
the livery stable man of my boyhood. 
Here are men more or less comparable in 
formal instruction and with little, if any, 
book-learning But there is no compari¬ 
son m their intellectual acuity and in 
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their logical handling of material or men¬ 
tal processes. Of course, they are emi¬ 
nently practical men and do not tend to 
generalise from their machines to them¬ 
selves and their companions, but the germ 
of the concept and methodology is there, 
and they are potentially better citizens of 
an ordered society. 

Finally, the third and most important 
aspect of science for its real students is 
the end which it itself provides The 
goal of a student varies with his training, 
temperament and degree of natural en¬ 
dowment, and it seldom becomes appar¬ 
ent before several years of study and 
training in the ideas and methods of a 
science. Then, however, a student gradu¬ 
ally becomes aware of an abstract logi¬ 
cally beautiful structure embodying what 
generations of scientists have succeeded 
in quarrying from their physical environ¬ 
ment, and shaping through careful analy¬ 
sis and interpretation till the stones fit 
keyed together in an unshakable edifice 
It is a Spanish Castle of the intellect 
rather than the imagination, but if its out¬ 
lines are clearer and more austere, it does 
not lack beauty, for it is the flowering of 
human capabilities in this sphere. The 
comprehension of this structure is alone 
an adequate recompense for a student 
who has persevered through the rocky 
and and approaches that repel the less 
pertinacious The ability to explore its 
halls and study the perfection of its struc¬ 
ture and detail is a never-ending source 
of wonder and intellectual gratification. 
I would add to Kant^s ‘‘Starry sky above 
me and moral law within me'' this struc¬ 
ture of natural law about me. The under¬ 
standing of man’s scientific achievements 
is a very worthy end of a liberal educa¬ 
tion, and it does often constitute such an 
end for the more contemplative tempera¬ 
ment or for the man who must for one 
reason or another termmate his scientific 
education at this stage. 

But the chief beauty of the structure 
for the more active and inquisitive tem¬ 


perament is the fact that it is unfinished, 
and incomplete, and will always be so. 
There is no more genuinely satisfying ac¬ 
tivity than in addmg to it, and in com¬ 
pleting small portions of the edifice by 
building on the work of others. Few of 
us have the ability to lay corner-stones or 
to envisage unbuilt wings, though this is 
often done unwittingly in the prosecution 
of what appears to be merely a routine re¬ 
search, the significance of the results 
being frequently unrecognized at the 
time. The necessary work of rounding 
out the structure and filling in the detail, 
which IS indispensable groundwork for the 
larger developments and which brings in 
its train immediate valuable application, 
is work that any one qualified by tem¬ 
perament and training as a scientist can 
do. The true scientist is characterized by 
the ’satiable curiosity of the Elephant’s 
Child which is piqued by all the little un¬ 
explained facts that are constantly being 
encountered This curiosity is a driving 
force that can no more be ignored than 
the pangs of hunger, and when disci¬ 
plined by an adequate scientific training, 
it leads on to the discovery of signifi¬ 
cant connections and generalities which 
broaden the front of knowledge. The 
only danger in the formal instruction and 
discipline which is a necesary preparation 
for a scientific career is that this curiosity 
may be withered and stultified for lack of 
opportunity to gratify it as it develops. 

The real student is not taught, he 
learns. Our formal instructional schemes 
are, or should be, designed to facilitate 
this process in every way. A spark of 
interest and curiosity is worth an entire 
bonfire of reports, themes and theses A 
student should be encouraged to make 
some original contribution to his subject, 
however small, at the earhest possible 
date in order that he may feel that the 
subject is his, and that he may have some 
small competence in a very limited field 
rather than that he should be in awe of 
a vast structure of learning, which he can 
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never hope to grasp in its entirety. If 
he has the opportunity to acquire his 
scientific training through assisting in re¬ 
search, his curiosity is sharpened and his 
appetite is whetted for greater accom¬ 
plishments, and he is well started on the 
road that will lead him to the greatest of 
satisfactions and from which he will never 
wish to turn back 

This method of approach which de¬ 
velops the ablest men in science requires 
more equipment and better facilities than 
those that are adequate to merely ex¬ 
pound what others have done. However, 
the added impetus that can thus be given, 
and the quality of the results obtained are 
its ample justification Furthermore, the 
type of instructor must be suited to the 
method, he must be a teacher by inspira¬ 
tion who IS a guide and mentor pointing 
out those things that are most worth 
doing and suggesting the most fruitful 
methods of approach and the appropriate 
techniques. His personality and attitude 
are of the greatest importance, for he 
teaches by contact and example He can 
frequently impart his own consuming in¬ 
terest and vital concern m the growth of 
science Once the source of energy has 


been fired within the student himself he 
goes on under his own power to acquire 
with avidity the necessary details of his 
subject. He develops rapidly when he 
sees the obvious necessity of mastering 
his field in order to go further and con¬ 
tribute still more to our sum of knowl¬ 
edge The contrast between the method 
of leading a reluctant student by the 
hand through all the byways of known 
facts and techniques, before permitting 
him to try his wings at original contribu¬ 
tion, and that of stimulating him as early 
as possible by contact with the spirit and 
methods of research, is that between the 
slow grinding locomotion of a car driven 
by its starter and battery, and the same 
car when the ignition switch is thrown 
and it surges ahead on the power latent 
within the engine itself. With a vital in¬ 
terest in broadening the bounds of our 
understanding of natural phenomena, 
with a background of acquaintance with 
the pertinent surrounding culture, and 
an equipment of technical competence, 
his formal education is complete. Like 
Ulysses, he will then set out ^‘to follow 
knowledge like a sinking star beyond the 
utmost bounds of human thought.’^ 
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CONSIDER THE WEATHER' 

Sib Napier has enlarged his delightful 
drama by nearly 40 pages, and our only 
regret is that he did not enlarge it more, 
for all he says is both interesting and in¬ 
formative The idea of superpersonify- 
ing the weather into a drama for which 
the whole world is the stage might occur 
to almost any creative writer of artistic 
mood, but only the abundant knowledge, 
the facile pen and the ready wit of Sir 
Napier could make real, as he has made 
real, this daring dream 

The 48-page prologue deals with ‘‘Pag¬ 
eantry in the Sky*’—clouds of various 
kinds, the rainbow, snow crystals, light¬ 
ning and mirage—all well illustrated and 
clearly described This pleasing intro¬ 
duction IS followed by an informative ac¬ 
count of what the more highly cultured of 
the ancient peoples—Babylonians, He¬ 
brews, Greeks and Homans—thought 
about weather phenomena Many of 
them, like Aristotle, explained natural 
phenomena as owing to natural causes 
Many others, however, and eventually 
practically every one, regarded all 
weather phenomena as special acts of the 
particular god or gods they themselves 
worshipped—an increase, perhaps, of 
abiding faith at the expense of robust 
reasoning To-day we look again for nat¬ 
ural causes of the state and condition of 
the sky, just as Aristotle did twenty- 
three centuries ago, with our faith re¬ 
served for things unseen. None of these 
cultured ancients. Sir Napier tells us, had 
any word for “weather,” just such ex¬ 
pressions as “cold period,” “wet time” 
and the like Don’t blame them, for the 
generalized concept is not very precise, 
nor as easy to formulate as one might 
suppose Try it 

Thousands of years ago weather se¬ 
quences were carefully noted, especially 
m relation to husbandry and shipping, 
and much of this information was em- 
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bodied in terse and useful proverbs 
Soon, however, many false signs got 
mixed in with the true, and then the 
whole lam over with the sickly hue of 
astrology. Still, good grain survives in 
the abundant chaff, if only we take the 
trouble to winnow it out 
The various weather elements, and how 
they are measured, are discussed in some 
detail; and the information gathered by 
means of the instruments clearly set out 
with many maps and diagrams 
Any one can read “The Drama of 
Weather” with pleasure and with profit, 
and the more he already knows about 
meteorology the keener will be his enjoy¬ 
ment of this book 

One little caution to the American 
reader When Sir Napier says, impres¬ 
sively, that there are 10 billion tons more 
air over the northern hemisphere in Jan¬ 
uary than m July, an American would 
say eleven trillion more That, of course, 
IS because the Englishman’s ton is one 
tenth greater than the American’s ton, 
and his billion a thousand fold the Amer¬ 
ican’s billion Sometimes words are quite 
confusing; if an Englishman, for in¬ 
stance, should give an address on shearing 
hogs his fellow countrymen would know 
that he meant sheep, whereas all Amer¬ 
icans present would feel certain that the 
crop would be more noise than wool! 

W. J. Humphreys 

FIRST VOLUME OF SIGMA XI 
LECTURES' 

The results of one of the most signifi¬ 
cant movements in the American science 
scene of the past few years, the intel¬ 
lectual Chautauqua circuit for Sigma Xi 
chapters that is in successful operation 
for its third year, are brought by this 
volume to many who were not able to be 
in the audiences of the eminent lecturers 
at the universities 

As Dr Harlow Shapley, of Harvard 
' Science in Progreee* Edited by G. A Bait- 
sell. Illustrated xiv + 322 pp $4 00. Yale 
University Press. 
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Universily, remarks in the foreword, “an 
eneyelopedist of a century or so ago 
could gather into fruitful comprehension 
the facts and theories of all branches of 
science.” That can not be done to-day, 
so vast is the scope of science. And even 
this compilation of the Sigma Xi national 
lectures of 1937 and 1938 can hardly ac¬ 
complish this task But, as Dr. Shapley 
observes, there is a unification of another 
sort, a theme of technique that runs 
through all the contributions to knowl¬ 
edge in these chapter-lectures. Many of 
the same technical tools are used through¬ 
out the various branches of science, and 
there is the general use of “the most com¬ 
mon instrument of all reasoned experi¬ 
mental science—^the balanced alternation 
of guiding hypothesis and experimental 
test ” 

It is altogether fitting that the men who 
do significant and important research 
should tell others about it, not alone in 
the technical articles of their specialized 
fields, but upon the lecture platform 
where their fellow workers and intelli¬ 
gent laymen may see them and hear their 
own presentations. Discovery and ex¬ 
periment IS but the beginning of scientific 
progress Research must be understood, 
spread into other minds, and perchance 
applied. The lecture method may seem 
to be rather old-fashioned in a day of 
nation-wide radio hook-ups, wide pub¬ 
licity through press and magazine, and 
motion pictures. There is still the 
warmth and reality of the personal plat¬ 
form appearance that has many advan¬ 
tages. 

To a large degree this personal contact 
between scientist and audience exist in 
this volume so far as print and pictures 
can reproduce it. The ten eminent scien¬ 
tists are talking to an intelligent audience 
about the work they have done, foregoing 
the shorthand of technical jargon that is 
proper and useful m the merely technical 
report. 

Sigma Xi’s national president. Profes¬ 
sor George A. Baitsell, of Yale, has 
brought together with care and pleasing 


format the ten chapters, ninety 01ustrap 
tions, twenty tables and ample references 
to the original literature. The range is 
from atoms to elephants. 

Professor B. 0. Ziswrence, of the Uni¬ 
versity of California, tells of atoms, old 
and new, giving survey of transmutation 
and atomic synthesis in relation to the 
world of elements and living things. 
Nobelist Harold C. Urey, of Columbia, 
discusses the important separation of the 
isotopes and their use in chemistry and 
biology The new knowledge about the 
viruses, those entities in the borderland 
between the living and the non-living, is 
the subject of chapters by Dr. W. M. 
Stanley and Dr. L. 0. Kunkel, both of 
the Rockefeller Institute for Medical Re¬ 
search at Princeton. Dr. Karl B Mason, 
of the Vanderbilt School of Medicine, dis¬ 
cusses vitamins and hormones, while Dr. 
R R Williams, of Bell Telephone Lab¬ 
oratories, tells of the general rdle of his 
beloved and important thiamin vitamin 
in living things. Dr. Bdgar Allen, of 
Yale, speaks authoritatively upon the in¬ 
ternal secretions in reproduction. Tak¬ 
ing us into the mtricacies of the chromo¬ 
somes, Dr T. S Painter, of the Univer¬ 
sity of Texas, assays their application to 
genetics The important problem of 
electrical potentials in the human brain, 
which seems to touch upon the essence of 
life itself, is the subject of the chapter 
by Professor B. Newton Harvey, of 
Princeton University. Living phsrsi- 
ology in one of its most important phases, 
metabolism, is the subject of the contri¬ 
bution of Dr. Francis Q Benedict, of the 
Carnegie Nutrition Laboratory, Boston, 
and he has studied animals, from mouse 
to elephant, not omitting man. 

This volume, and the subsequent ones 
that are promised to result from more 
years of Sigma Xi lectures, will be con¬ 
sidered important contributions to under¬ 
standing the progress of science. After 
being read, they will do ina^ortant refer¬ 
ence shelf service. 

Watsok Davis 
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DON’T WORRYi 
book is written for and about 
normal people—people who can lay the 
foundations of their own emotional dis¬ 
comforts, nurture them to inconvenient 
intensity and learn with ease to control 
them/^ In other words, it is for and 
about the worrier who, in spite of his 
mental discomforts, is not regarded as 
psychotic. 

The author evidently aims to aid those 
of his readers who are worriers. Having 
had much practise in helping and curing 
worriers, as numerous remarks in the 
book indicate, he approaches the subject 
from the point of view of the healer as 
much as from that of the scientist He 
begins by assuring his readers that it is 
the exceptionally intelligent who worry, 
and that it is modern civilization that 
causes them to worry. Consequently the 
worrier first is flattered and then is pro¬ 
vided with an excuse for his condition 
Probably only a small fraction of wor¬ 
riers will question these doubtful, if flat¬ 
tering and consoling, generalizations 

At once the author proceeds to explain 
the process of becoming a worrier and 
the method of escaping from being a wor¬ 
rier. Passing lightly over possible physi¬ 
cal and experiential causes, he maintains 
that worrying is the result of learning to 
worry by practice, and that, consequently, 
the remedy is to unlearn to worry by 
ceasing to practice worrying This bald 
statement does not do ;)ustice to the sound 
counsel given by the author to those who 
worry Yet the essence of his thesis is* 
‘‘Worry is psychological Psychological 
conditions are learned. Learning re¬ 
quires practice. Forgetting operates on 
everything learned. Practice prevents 
forgetting. 

The discussions of common character¬ 
istics of worriers and of the interrelations 
of the emotions and the physiological 
processes will find a response in the minds 

1 In the Name pf Common Senee, By Matthew 
N. Chappell. 1S2 pp. $1,75. Maemillan Com¬ 
pany 


of most readers who belong to this af¬ 
flicted class Case histories of those 
whom the author has helped or cured 
illustrate the points made and inspire a 
hopeful outlook The discussions of 
methods for correcting bad mental habits 
and of some “practice procedures^’ will 
be helpful, even if they are not profound, 
the discussion of fears is more fundamen¬ 
tal but will not be so readily appreciated 
by the scientifically immature. The style 
of writing, consisting very largely of 
slightly telescoped simple declarative 
sentences, as illustrated in the quotation 
above, is somewhat tiring, but the book is 
sane and deserves a wide circulation 
among the unhappy victims of worry. 

P. R. M. 

ABOUT BIRDS^ 

This is a book preeminently notable for 
its very fine photographic illustrations 
and for the fact that it does not follow 
the well-worn path of identification man¬ 
uals. After an introductory chapter en¬ 
titled “Why Know Birds!” it takes up 
the following broad topics, the illustra¬ 
tive cases of which are largely culled 
from the author’s own experience in 
Nebraska, Illinois, New York and Cali¬ 
fornia—^the homes and home life of birds 
up to the time the young are able to care 
for themselves, the food and feeding 
methods of birds, the kinds of feathers 
and their replacement, the migrations of 
birds, protective coloration and defense 
actions of birds, the general features of 
bird classification, the social parasitism 
of the cowbird and a concluding chapter 
on how to know the names of birds, how 
to attract them and how to study their 
habits The simplicity of the treatment 
throughout is evidently a plan on the 
author’s part to make the book appealing 
and useful to a wide audience of begin¬ 
ners in bird study. In this plan he has 
been successful 

H. Friedmann 

1 Birde. By Gayle Pickwell. Illustrated* 
zvi + 252 pp. $3.50. WThlttlCsey House, Mc- 
graw-Hill Book Company. ^ 
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RECIPIENT OF THE JOHN J TARTY MEDAL, WHO DELIVERED THf PILGRIM TRUST LKCTURF BEFORE THE 
^ NATIONAL A( ADFMY OF ftCIENCFS ON ‘ 'HISTORY IN THE ARCHIVES OF THE ROYAL SOCIETY. *» 



THE PROGRESS OF SCIENCE 

MEDALLISTS OF THE NATIONAL ACADEMY OF SCIENCES 


At the seventy-sixth meeting of the Na¬ 
tional Academy of Sciences, held this 
year on April 24, 25 and 26 in Washing¬ 
ton, four medals were presented to scien¬ 
tists for noteworthy contributions to 
science Each medal was awarded on 
recommendation by the committee ap¬ 
pointed to administer the special fund 
responsible for the medal At present 
there are eleven trust funds, controlled 
by the academy, tlie income from which 
del lays the expenses connected with the 
awards of medals in specified fields of 
science, several of these funds provide 
honoraria in addition to the medals The 
names of the medals from lliese trust 
funds and tlie branches of science desig¬ 
nated therein are Agassiz Medal, ocean¬ 
ography (17 awards have been made 
fiom this fund) , Barnard Medal, physics 
and astronomy (7 awards), Carty Medal 
and honorarium, any field of science com¬ 
ing witlnii the scope of the charter of the 
academy (3 awards), Comstock Prize 
aw’ard, electricity, magnetism and radiant 
energy (6 awards) , J Lawrence Smith 
Medal, meteoric bodies (2 aw^ards), 
Tliornpson Medal and honorarium, geol¬ 
ogy and paleontology (10 awards) , Wal¬ 
cott Medal and honorarium, paleontology 
of Pre-("ambrian and of Cambrian (1 
award), Watson Medal, astronomy (10 
awards), Hartley Welfare Medal, appli¬ 
cation of science to public welfare (16 
awards) This list shows clearly that the 
academy is restricted, by virtue of the 
terms of gift in each trust fund, to defi¬ 
nite fields of science in which it may 
honor investigators for meritorious work 
These fields and the number of medals 
awarded in each field are astronomy and 
astrophysics, 35, physics, 13, meteorites, 
2, geology, 4; paleontology, 14; zoology, 
13, oceanography, 17, engineering, 1, 
application of science to the public wel¬ 


fare, 16 The first medal was awarded 
in 1886, since then the academy has made 
113 medal awards During the years 
1886 to 1912, inclusive (27 years), six¬ 
teen medals were presented, approxi¬ 
mately one medal every other year, from 
1913 to April, 1939 (27 years), 97 medals 
were awarded, approximately four per 
year. 

The membership of the academy is di¬ 
vided into eleven sections, representing 
different fields of research in science The 
distribution, among these sections, of 
academy medallists who are now academy 
members is as follows ‘ mathematics, 0, 
astronomy, 10, physics, 4; engineering, 1, 
chemistry, 1, geology and paleontology, 
4, botany, 0; zoology, 4, physiology and 
biochemistry, 0, pathology and bactenol- 
ogy* 0, anthropology and psychology, 0 
In the sections of engineering and of 
chemistry, the aw’ards w^ere made for ap¬ 
plications of science to tlie public welfare 
rather than for special contributions to 
these fields of research The data show 
that in seven of the eleven sections little, 
if any, provision lias been made in the ex¬ 
isting trust funds for the award of 
medals to workers in the fields repre¬ 
sented by these sections This situation 
indicates a lack of equality of treatment 
with respect to a large number of acad¬ 
emy members and others in certain 
branches of research work in science The 
academy is pow erless to change the situa¬ 
tion, the remedy lies in the establishment 
of additional trust funds that shall in¬ 
clude the fields, now^ neglected, either 
specifically or in such form that it will be 
possible for the academy to honor a 
worker in any field of science by the 
award of a medal for noteworthy accom¬ 
plishment Experience has shown that a 
trust fund wdnch imposes severe limita¬ 
tions on the awards made from it may not 
accomplish its purpose so well as one in 
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which the conditions of award are less 
strictly prescribed and a greater degree 
of freedom is allowed the trust fund com¬ 
mittee in selection of a candidate for the 
honor. 

Each medal is presented by the presi¬ 
dent of the academy to the recipient at 
the time of the annual dinner Preceding 
the formal presentation of the medals, the 
president reports upon the status of the 
academy and reviews briefly its activities 
and accomplishments during the year 
Following his address, he calls upon the 
chairman or member of the trust fund 
committee that recommended the award 
of the medal to state the reasons that led 
the committee to select the candidate for 
the honor. The president then, on behalf 
of the academy, presents the medal to the 
recipient, who, in turn, replies briefly in 
words of appreciation for the honor and 
refers to the research work that influ¬ 
enced the committee in its decision. 

The Agaem Medal for Oceanography 
was awarded to Harald Ulrik Sverdrup, 



Oceanography, of the University of Cali¬ 
fornia, at La Jolla, California, and pro¬ 
fessor of geophysics in the Christian 
Michelson Institute of Bergen, Norway, 
for his personal oceanographic explora¬ 
tions in Arctic regions and his numerous 
contributions to physical oceanography 
and the interrelations between the sea and 
the atmosphere The presentation ad¬ 
dress was made by Dr T Wayland 
Vaughan, chairman of the Agassiz Fund 
Committee at the time the award was 
recommended to the academy Dr 
Vaughan referred to the oceanographic 
work of Dr. Sverdrup in the Arctic re¬ 
gions, emphasizing especially the results 
obtained by Dr. Sverdrup from 1918 to 
1920 and 1922 to 1925 aboard the vessel 
Maud under Amundsen ^s general direc¬ 
tion, and also his important contributions, 
theoretical and practical, to dynamical 
oceanography and meteorology, and to 
the mechanics of the movements of ocean 
waters In reply Dr Sverdrup expressed 
gratitude for the medal from the National 
Academy of Sciences, he appreciated the 
honor especially because from his early 
da>8 he has been associated with Amer¬ 
ican institutions, in particular the Car¬ 
negie Institution of Washington, and has 
many friends in this country Through 
his connection with the Senpps Institu¬ 
tion of Oceanography he now has the op¬ 
portunity, long desired, to do oceano¬ 
graphic work in part of the Pacific Ocean, 
which IS a vast field for investigation He 
suggested that it would be fitting to honor 
the memory of Alexander Agassiz by or¬ 
ganization of a large-scale Alexander 
Agassiz Expedition for exploration of the 
Pacific Ocean The value of such an ex¬ 
pedition would be very great 
The John J Carty Medal and Hon¬ 
orarium for the Advancement of Science, 
consisting of a gold medal, bronze rep¬ 
lica, certificate and $3,000 in cash was 
awarded to Sir William Bragg, director 
of the Royal Institution and of the Davy- 
Faraday Research Laboratory and pres- 
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ident of the Royal Society of London, 
England, for his fundamental work in 
x-ray crystal analysis and the develop¬ 
ment of a new method and approach to 
this field of the atomic structure of crys¬ 
tals His studies have given birth to a 
new tool that is bringing to light impor¬ 
tant facts regarding such complex struc¬ 
tures as the larger organic molecules 
Dr Frank B. Jewett, chairman of the 
John J Carty Fund committee, m his 
presentation address reviewed briefly the 
work of Sir William as an investigator, 
an able and inspiring teacher and a 
leader in guiding and advising with re¬ 
spect to matters of applied science Fol¬ 
lowing Dr Jewett, Dr. Arthur H Comp¬ 
ton spoke in greater detail of the work 
of Sir William and of his many contri¬ 
butions to science and to the diffusion of 
knowledge of the achievements of sci¬ 
ence and of its methods In reply, Sir 
William voiced sincere appreciation of 
the honor, but stressed the important 
part played by his son and others m the 
work specified in the award of the John 
J Carty Medal 

The Daniel Oiraud Elliot Medal for 
19?,? and accompanying Honorarium of 
$200 was aw'arded to Richard Swann 
Lull, of the Peabody Museum of Natural 
History, Yale University, New Haven, 
Connecticut, m recognition of his work 
entitled ‘‘A Revision of the Ceratopsia 
or Horned Dinosaurs,'^ published in the 
Memoirs of the Peabody Museum of Nat¬ 
ural History Dr W B Scott, on behalf 
of the committee on the Daniel Oiraud 
Elliot Fund, made the presentation ad¬ 
dress and referred to Dr LulPs Mono¬ 
graph on the Horned Dinosaurs as a very 
comprehensive and thorough piece of 
w^ork In this monograph the material 
scattered through various museums in 
the United States and Canada is de¬ 
scribed in detail, together with an ac¬ 
count of the habitats and manner of life 
of these great reptiles The treatise 
closes with a discussion of the evolution 


of this Upper Cretaceous group in which 
the great quantity of material is mar¬ 
shalled in an orderly way and their mu¬ 
tual relations are admirably discussed 
In response Dr. Lull expressed apprecia¬ 
tion of the medal award by quoting from 
a note recently received from Japan. “It 
IS with ^the greatest honor and unutter¬ 
able throb of heart I feel in offering you 
this word of thanks ’ “ Dr. Lull re¬ 
ferred to the proposal made many years 
ago by Othniel C. Marsh, of Yale Uni¬ 
versity, to prepare a senes of mono¬ 
graphs on the very large collections of 
fossil vertebrates gathered under his di¬ 
rection Of these memoirs Dr. Marsh 
prepared two. Dr H P. Osborn, several 
others, and Dr Lull, the one on Cera¬ 
topsia, published in 1906 The 1934 
monograph on the same group assembles 
the knowledge gained by many investi¬ 
gators from discoveries made since 1906 
The Daniel Oiraud Elliot Medal for 
1934 and accompanying Honorarium of 
$200 was awarded to Theophilus Shickel 
Painter, of the University of Texas, 
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Austin, Texas, in recognition of his work 
on the chromosomes of the salivary 
glands in Drosophila in relation to tlie 
problems of mutations and genetics, pub¬ 
lished in GeneticH and the Journal of 
Heredity in 1934 In his presentation 
speech Dr Koss 0 Harrison, chairman 
of the committee on the Daniel Qiraud 
Elliot Fund, reviewed the work by Dr 
Painter on the chromosomes in the sali¬ 
vary gland cells of Drosophila in which 
the constancy of the band pattern in 
corresponding chromosomes and the dif¬ 


ference between the several chromosomes 
with regard to this pattern was discov¬ 
ered. Dr. Painter showed that these 
bands mark the positions of the genes in 
the same order as had been postulated 
from the cross-over studies by T. H Mor¬ 
gan and his school This discovery has 
greatly facilitated the study of the rela¬ 
tion between chromosome pattern and 
hereditary processes and has added much 
to our knowledge of the positions of the 
submicroscopic gene elements in chromo¬ 
somes In reply Dr. Painter voiced his 
appreciation of the honor bestowed on 
him in the award of this medal and at¬ 
tributed his success in correlating the 
position of gene loci wnth definite bands 
along salivary gland chromosomes to 
three fortunate circumstances Under 
Dr Muller he had plotted the position of 
gene loci in metaphase chiomosomes and 
realized then that the large persistent 
spireme threads of salivary glands might 
furnish promising results By ns(‘ of the 
stain, aceto-carmine, on crushed mounts 
he w^as able to study the salivary cliro- 
mosomes satisfactorily Fortunately, in 
the research iiustitution m which lie was 
then working (»nough of these broken 
chromosomes, that had been analyzed 
genetically, w^ere available for study and 
on them the observations were made that 
allowed inferences to be drawn regarding 
the positions of the genes relative to the 
bands of the chromosomes 

F E Wright, 
Home Secretiny 


REFLECTIONS ON THE MILWAUKEE MEETING 


The programs of the Milwaukee meet¬ 
ing (June 19 to 24) of the American As¬ 
sociation for the Advancement of Science 
illustrate the great variety of interests 
of scientists and the corresponding wide 
differences in their reactions to an en¬ 
vironment. 

To geologists the area that includes 
Mil^ukee is one that has had a varied 


and interesting history for 2,000 million 
years In the early part of this period 
there wTre convulsions and intrusions 
and extrusions of liquid magmas from 
which geologic agencies eventually pro¬ 
duced rich deposits of iron ore and cop¬ 
per (The geologists have excursions to 
these regions ) In later periods sedi¬ 
ments and deposits of lime accumulated 
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while the waters of shallow seas repeat¬ 
edly rolled over this repfion Only yester¬ 
day, as It were, ^reat sheets of lee pushed 
irresistibly down from the north and pro¬ 
duced fertile soil and numerous deposits 
of gravel. To geographers tiie area is 
one of precious natural resources to be 
preserved They have organized a sym¬ 
posium on soil conservation and land 
utilization in the region 

To biologists Wisconsin and neighbor¬ 
ing states have a varied natural flora and 
fauna and olfer unsurpassed opportuni¬ 
ties for the production of plants and 
animals useful to civilized man A sym- 
liosium and many other papers are de¬ 
voted to (lis(‘Ussions in this field 

To anthropologists the area in which 
Milwaukee is located has been the home 
of men for several thousand years, pos¬ 
sibly since shortly after the last retreat 
of glacial ice Tlie numerous mounds of 
these peoples reveal a fascinating storv 
of their approH(‘hes toward civilization 
which is only now being read 

To the members of the Section on the 
Social and Economic Sciences Milwaukee 


IS a great center of industry and social 
organization which is notable for the high 
standards that have been maintained in 
its government Unremembered are the 
great events of its geological history, im¬ 
portant as they may have been in pro¬ 
ducing the present natural wealth of the 
region Forgotten are the prehistoric 
men who once roamed its prairies and 
forests, as are the Indians who were dis¬ 
puting its possession with white men only 
a century ago Thus to every group of 
scientists a geographical area is entirely 
different 

Milwaukee, from an Indian word mean¬ 
ing “go(Ml lands,’’ was first visited by 
white men in 1673 wdien Father Mar¬ 
quette and Louis Joliet, returning from 
a vovage down the Mississip])! River, 
skirted the left shores of Lake Micliigan 
It IS believed that La Salle stopped at the 
site of Milwaukee in 1679, which he re¬ 
ferred to as ‘'Millioke ” No Europeans, 
except possibly French voyageuis and 
fur traders, traversed the western shores 
of Lake Michigan for nearly a century 
until the Englishman Alexander Henry 
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Visited the site of Milwaukee ni 1760 In 
1795 Jacques Vieau established a perma¬ 
nent post at Milwaukee for the North- 
Western Fur Company, which was main¬ 
tained until it was succeeded by Astor’s 
American Fur Company in 1820 

Colonists bef 2 :an to arrive in the neigh¬ 
borhood of Milwaukee in 1833, the year 
in which Morgan L Martin surveyed the 
harbor The first saw-mill was con- 
stiucted in 1834, following which three 
villages sprang up, Juneautown, Kil- 
bourntown and Walker’s Point In 1846 
they were united and incorporated as the 
City of Milwaukee Milwaukee became 
a center of the lumber industry and for 
several decades was the metropolis of the 
Great Lakes The first mayor of the city 
was Solomon Juneau. For 40 years the 
Fire and Marine Insurance Bank, which 
was opened in 1839, was one of the strong¬ 
est and most favorably knovn banks west 
of the Allegheny Mountains 


Milwaukee has been an intelligent and 
progressive community from its earliest 
da.\s On July 14, 1836, its first news- 
paiier. The Milwaukee Advertiser, began 
publication Its first public school was 
opened m 1839 Its first telegraph line, 
connecting the city with Chicago, was put 
into operation in 1849, and its first rail¬ 
way in 1856 Milwaukee owes much to 
the immigrants who began to arrive from 
Germany m large numbers m 1840 In 
1900 about 72 per cent of the population 
of Milwaukee was of either German birth 
or the children of German-born parents 
Keflection on the amazing changes that 
have taken place in Milwaukee and sur¬ 
rounding territory within a century 
makes one wonder whether there will be 
similar changes during the next century 
As great as they liave been, they have not 
exceeded those that have taken place in 
science This has been a rapidly chang¬ 


ing world 


F R MouiiTON 
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THE WHITNEY WING OF THE AMERICAN MUSEUM OF NATURAL HISTORY 


On June 6, 1939, the American Mu¬ 
seum of Natural History, New York, 
dedicated a new wing of its structure de¬ 
voted wholly to the Department of Birds 
In the presence of members of the Whit¬ 
ney family and 400 guests, addresses 
signalizing the event were made by Pres¬ 
ident P. Trubee Davison, Mr Cornelius 
Vanderbilt Whitney, in the double ca¬ 
pacity of trustee of the museum and rep¬ 
resentative of the three generations of 
his family which have befriended the in¬ 
stitution, Dr Leonard C. Sanford, a 
trustee whose particular interest is or- 
nitholog> ; Dr Prank M Chapman, for 
more than fifty years head of the Depart¬ 
ment of Birds, and Dr Robert Cushman 
Murphy, curator of oceanic birds 

The building was given jointly by the 
late Mr Harry Payne Whitney and the 
City of New York It is a memorial to 
Mr William C Whitney, Secretary of 


the Navy during the first administration 
of President Cleveland and patron of 
American Museum researches relating to 
fossil horses and other Tertiary mam¬ 
mals After the death of the donor, in 
1930, Mrs Harry Payne Whitney and 
their three children, Mr C V Whitney, 
Mrs G Macculloch Miller and Mrs 
Barklie McKee Henry, continued to 
support development of the equipment, 
collections and exhibits of the depart¬ 
ment, their greatest single gift being the 
280,000 study skins of birds amassed by 
the late Lord Rothschild and formerly 
housed in his Zoological Museum at 
Tring, Hertfordshire. 

The Whitney Wing is a building of 
eight stories, three of whicii are devoted 
in whole or in part to public exhibition 
Six office and laboratory floors are fitted 
with steel cases for the safe storage of 
the w^orld’s most comprehensive collec- 



SEVEN OF THE HABITAT GROUPS IN WHITNEY MEMORIAL HALL 

AND THE DOME OT THE SKY WHICH APPEARS TO RISE PROM THE COMMON HORIZON OP THE 

SEPARATE EXHIBITS. 


9 



A SCENE ON JAMES ISLAND, LOOKING TOWARD ALBEMARLE 

THE MOST IMPORTANT BIRDS IN THIS EXHIBIT OF QALApAOOS BIRD LIFE, FROM A BlOLOGirAL POINT OF 
VIEW, ARE 9 SPECIES OF THE FAMOT^S ^^OALXpAQOS FINCHES,’’ WHICH ARE CREDITED WITH HAVING 
MUCH TO DO WITH DARWIN’S ORIGINAL IDEAS ON THE PRINCIPLE OF NATURAL SELECTION AS AN EX¬ 
PLANATION OF EVOLUTIONARY CHANGE 
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tion of birds, which now numbers ap¬ 
proximately 750,000 specimens. The 
greater part of the top floor is given over 
to modern aviary space in which the be¬ 
havior and heredity of living birds may 
be studied Moisture and humidity con¬ 
trol, sun-lamp illumination and other 
modern experimental auxiliaries are here 
provided The broad central corridor of 
the fourth floor takes the form of a well- 
lighted art gallery, available for both 
permanent and temporary showings of 
field studies and finished paintings, 
prints and sculpture relating to birds 
Its present installation comprises the 
museum’s historical senes of sketches by 
Louis Agassiz Fuerles, illustrations by 
Joseph Wolf executed for the lavish or¬ 
nithological monographs of Dr Daniel 
Giraiid Elliot, several paintings by Au¬ 
dubon and a group of oils and w^ater- 
colors by Courtenay Brandreth The 
first floor is a hall of 16 alcoves, to be de- 
V(»Iopcd as a diagrammatic exhibit of the 
biology of birds and other animals A 
provisional layout in four of these al¬ 
coves was ready for the opening on 
June 6 

Whitney Memorial Hall, on the sec¬ 
ond and main exhibition floor of the 
wing, comprises a diorama of the Pacific 
Ocean and its far-flung islands Eighteen 
cases for habitat groups surround an 
oval floor space, on the midline of which 
aie bronze busts of William C Whitney 
(1841-^1904) and Harry Payne Whitne> 
(1872-1930), by Augustus St Gaudens 
and Jo Davidson, respectively The walL 
of t\>o terminal alcoves carry mural maps 
w^hich function both as decoration and a 
means of orientation for visitors, to¬ 
gether with dedicatory inscriptions The 
ceiling IS a sky-dome, illuminated from 
hidden sources, which appears to rise 
from the common horizon on the back¬ 
grounds of the habitat groups. The 
painting throughout is the work of 
Francis Lee Jaques, of the museum staff 

Whitney A^emorial Hall is one of the 
results of the Whitney South Sea Expe¬ 
dition of the American Museum, which 
since 1920 has carried on continuous or- 



SHIP-POLLOWKRS 

A KKIJKI’ARY (MID SCMMFR) DAY ON THE OCEAN 
SOI'Til FAST OF NEW ZEALAND, WITH PETRELS AND 
ALBATROSSES OP VARIOl-8 SPECIES KEEPING COM' 
PANY WITH SAILING VESSELS IN THE MACK- 
GROCND IS THE SCHOONER “ PRANCE, ^ ^ OPERATED 
B\ Tin AMERICAN MU8FCM FOR A DECADE IN THE 
SOUTH PACIFIC 



BIRDS OF THE SOUTH SEA ATOLL 

DITAIL OF THE IlAO ISLAND GROUP, IN tSB TUA- 
MOTU ARCHIPELAGO, WITH MAN-O^-WAR BIRDS AND 
VARIOUS SPECIES OP TFRN8 FACING THE SOUTH¬ 
EAST TRADE WIND 
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nitholof^ieal researches among the Pa¬ 
cific islands with funds provided by Mr. 
Harry Payne Whitney 
The purpose of this hall is to show the 
bird life of the Pacific Ocean and its 
islands The scope of the exhibits ex¬ 
tends from sub-Antarctic latitudes in the 
New Zealand region northward to islands 
near Hawaii, at the southern border of 
the north temperate zone and from the 
coast of Peru westward to Australia, New 
Guinea and the Philippines A wide 
range of physiography, climate, vegeta¬ 
tion and bird life is thus illustrated, and, 
in conjunction ^\lth the mural maps, an 
effort has been made to show the effect of 
climatic zones, prevailing winds, ocean 
currents and the relative distances of 
island groups from tlie continental 
masses of the Old World and America, to 
which they owe their fauna 

Exhibits thus far installed are entitled 


‘ ‘ Ship-followers, ’ ^ ^ ‘ Samoa, ** Tua- 

motu,'’ ‘‘Marquesas,’* “Peruvian Guano 
Islands,” “Galapagos,” “Hawaii” and 
“Laysan” Future habitat groups will 
similarly represent the bird life of the 
Solomon Islands, Fiji, Australian Bar¬ 
rier Reef, New Guinea, an Antarctic out¬ 
lier of New Zealand and other Pacific 
localities In addition to the patronage 
given this hall by Mrs Whitney, her son 
and two daughters, generous supplemen¬ 
tary support of field work and group 
construction has come from several 
friends of the late Mr Wliitney or the 
museum, including Messrs Templeton 
Crocker, Andrew G C Sage, Henry W 
Sage and Dr Sanford Two of Mr 
Crocker’s cruises in his scliooner yacht 
Zaca are, indeed, responsible for the se¬ 
lection of sites and the making of field 
studies for seven of the eight groups now 
completed 


AIRPLANE CRASH AT THE LICK OBSERVATORY 


On Sunday evening, May 21, 1939, at 
about 7 11 p M , an Army airplane col¬ 
lided with the main building of the Lick 
Observatory The plane was of the 
“attack” type and is said to have been 
capable of a speed of 210 miles an hour, 
it was piloted by Lieutenant Richard F 
Lorenz and carried Piivate W E Scott 
as a passenger Both ocmipants were 

instantly killed Mount Hamilton, on 

which the observatory stands, was en¬ 
veloped 111 clouds at the time The plane 
belonged at March Field near Rivei*side 
and was returning there from Hamilton 
Field near San Francisco, when it struck 
us Mount Hamilton is in a direct line 
betw^een the tw^o stations, and this line 
bears southeast, so that the plane wm on 
Its course at the time 
The plane struck the west fa^*ade of 
the building, about fifty feet north of the 
principal entrance, and crashed through 
two offices into the mam observatory cor¬ 
ridor, where it was stopped by the rein¬ 


forced concrete wall which forma the east 
side of the building The direction of 
motion withm the building was, as nearly 
as could be determined, southeast In its 
(*ourse the plane penetrated two brick 
walls, one 20 inches and the other 13 
inches in thickness, and went diagonally 
through a dividing wall separating the 
two offices 

The engine and greater part of the 
fuselage w^re deposited in the offices and 
corridor, with bricks and mortar from 
the demolished walls 

Fig 1 shows the area of entry The 
protruding fragment is the right wing 
Fig 2 18 a view of the main observatory 
corridor looking tow^ard the north, and 
Fig 3 IS one from the other side of the 
wieckage, looking south The pile of 
debris—plane, bricks and mortar—w^as 
40 feet long and about 9 feet high at the 
ciest It required two or three days to 
clear this material away and to wall off 
the damaged section of the building for 
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WRECKAGE IN MAIN CORRIDOR, LOOKING NORTH 
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MOTOtt AND ACCOMPANYING WRECKAGE TN MAIN CORRIDOR, LOOKING ROUTH 


the puipose of exeJudinjj: dust After 
that It was passible ajram to take up the 
normal aetivities ot the observatory 

When we turn from the contemplation 
of the tragic consequences of the accident 
it IS possible to derive some satisfaction 
from the circumstance that little or no 
damaf?e w^as done to the s<*iontific equip¬ 
ment or to photographic and other rec¬ 
ords of the observatory The material 
loss IS, of couise, considerable, but it 
IS believed that this wall not prevent 
speedy rehabilitation of all the obseiva- 
tory’s facilities 

Records of the effect of the impact of 
the plane are {riven by oui seismographs 
and self-recordinjr barometers Of each 
of these instruments we have two types, 
but at the moment only one seismojrram 
and one baropram are available for study 

The seismogram, which is from the 
Wiechert machine, has been examined by 
Dr Jeffers and mysel f. The record of the 


dihturbance appears, to the e> e, as a small 
sj)()t on both the w^est-east and north- 
south tracings Examined with a glass 
the spots are readih seen to be minute 
“shock’’ records of about two or two and 
a half seconds’ duration The initial 
movement is in each case about 1 mm, fol¬ 
lowed b> a rapid swing to a point 4 mm 
oil the opposite side of the zero point, 
subsequent oscillations are not readily 
distinguishable, but the trace is broad 
during the remainder of the short inter¬ 
val of time above indicated After allow¬ 
ing for the magnifying factor of the 
instrument, and otherwise reducing the 
data to simple terms, we find the follow¬ 
ing facts There wm a sudden displai'e- 
meiit of the earth, at the site of the seis¬ 
mograph, toward the southeast, about 
1/57 mm in amount This was followed 
by a reverse movement totaling approxi¬ 
mately 1/41 mm, or 001 inch, after which 
the vibration gradually died out The 
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initial displacement corresponds, as 
would be expected, with the direction of 
flight of the airplane, that is to say from 
northwest to southeast The seismograph 
IS distant about 120 feet (36 meters) east- 
north-east from w'here the plane struck, 
so it IS clear that a very considerable part 
of the mountain top was set in motion by 
the impact The time of the initial dis- 
]>lacement was 10 minutes and 59 seconds 
past 7 pm, Pacific Standard Time This 
figure IS regarded as possibly subject to 
an error of a second or two, it furnishes 
the most reliable time of the collision now 
available 

The barogram to which reference has 
been made is that provided by the Draper 
mercury-weight self-recording barom¬ 
eter There wm a sharp barometric rise 
of «ibout 013 inch and an immediate re¬ 
covery In view of the w^eight of the 
moving ])arts of this baiometer and the 
shoit duration of the disturbance, it is 
probable that the actual rise in pressure 
was considerablv in excess of the above 
amount It should be stated that the 
barometer is situated in the observatory 
coriidor and that some increase in jires- 
sure would be expected as a consequence 
of the sudden entry of the plane into the 
building find of the falling inw^aid of the 
walls 

At the time of the accident there was 
one pel son in the building and some half 
dozen in the immediate vicinitv Every 
one lemai ke<l the roar of the ajiproaching 
plane, which was obscured b> the cloud 


in which the mountain was enveloped 
The noise of the impact seems to have 
been effectively smothered within the 
building, and the single occupant men¬ 
tioned did not at first realize that the 
building had been struck The sudden 
silence following the roar of the engine 
indicated to all that the plane had 
crashed,'^ but, until the opening in the 
wall was discovered and the mutilated 
machine found nx the observatorv cor¬ 
ridor, it was believed that the accident 
had occurred somewdierc on the mountain 
side 

It may be wwth relating that tw’o 
visitors were just arriving at the observa¬ 
torv when the plane flashed across their 
path and buri^ itself in the building 
Until matters were explained to them 
they apparently had no very clear idea 
of the meaning of it all Possibly they 
regarded it as a mere matter of observa¬ 
tory routine 

As will be realized, tlie situation pre¬ 
cipitated bv the collision w^as a verv seri¬ 
ous one Within a few seconds of tune 
a great mass of gasoline-soaked wreckage 
established itself withm a far-from-fire- 
proof building The cool and oflRcient 
manner in which the \oung men and 
women who w^ere first on the scene 
adopted ])recautions against explosion 
and fire are deserving of the highest 
commendation Their prompt and effi¬ 
cient action undoubtedly saved the obser¬ 
vatory from a major catastrophe 

W H Wrioitt 


A REMARKABLE NEW SAFETY GLASS 


On the last day of March, in the lec¬ 
ture hall of the Franklin Institute, Phil¬ 
adelphia, a new', modern, high-test safety 
glass was given its first public exhibition, 
the audience consisting of high officials 
of the chemical and automotive indus¬ 
tries They view'ed a number of convinc¬ 
ing demonstrations of the valuable prop¬ 
erties of the new safety glass 

In the early days of the automobile its 


speed was so low' that there was little use 
for glass as windshields, but, as speeds 
increased and ears w'ere used in all 
weather they came to resemble a sort of 
traveling show-case, with glass on all 
sides This glass wm a constant menace, 
for in ease of accident the flying frag¬ 
ments were responsible for a large ma¬ 
jority of the injuries sustained 
It was an accident which was respon- 
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COMPARATIVE EFFECTS OP A STANDARD BDOW AT WINTER TEMPERATURE 


sible for the germ of the idea which has 
grown into safety glass In 1903, Ed¬ 
ouard Benedictus, a French chemist, 
reached for a bottle on a shelf in his lab¬ 
oratory He knocked another bottle to 
the floor Wlien he started to sweep up 
the pieces, he was startled to find that the 
bottle, although shattered, retained its 
shape It had held collodion The ether 
and alcohol had evaporated and the cel¬ 
luloid coating held the fragments to¬ 
gether Benedictus did not immediately 
realize the application that might be 
made of his discovery, nor did he per¬ 
form any experiments with coated glass 
until he witnessed a motor accident in 
which a young woman was badly cut 

Prom the earliest safety glass to that 
of 1939, the fundamental principle has 
been the manufacture of a sandwich,^’ 
with a plastic filling between two sheets 
of glass This glass provided protection 
from flying stones or other objects out¬ 
side the car, and the danger of injury 
from murderous particles of glass was 
greatly reduced 

The first safety glass filler was a cellu¬ 
lose nitrate plastic, but this, it soon was 
learned, often became discolored from 


the actinic rays of the sun which pene¬ 
trated the glass This diflBculty was 
solved by adding iron to the glass so that 
the harmful rays would be absorb(»d 
The second step in the development of 
safety glass was the substitution of cellu¬ 
lose acetate for cellulose nitrate This 
material did not discolor in sunlight, be¬ 
cause the acetate film is trans])arent to 
the actinic rays ot the sun However, 
this material required careful edge seal¬ 
ing to prevent moisture from getting in 
and to avoid evaporation of the plasti¬ 
cizer Otherwise there would be cracks 
and separation at the edges 

One major disadvantage which the ace¬ 
tate safety glass shared with the nitrate 
glass was their tendency to lose toughness 
and strength at temperatures which are 
often met with in winter driving When 
the temperatures of these plastics were 
below 20*^ P they became brittle and lost 
almost all their safety-glass properties. 
Since the low temperatures of winter are 
often accompanied by increased driving 
hazards, research during the past five 
years has been directed toward the dis¬ 
covery of a new plastic film not having 
this defect 
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As the result of this research the dis¬ 
covery of polyvinyl acetal resin brought 
the industry much closer to an ideal 
safety glass It is this material that is 
used as a bond in the new high-test safety 
glass which was introduced at the Frank¬ 
lin Institute Not only is the new glass 
much stronger than the old at ordinary 
temperatures, but, even when cooled to 
as low as 10° below zero P, it retains its 
safety features, indicating that protec¬ 
tion IS assured even under severe winter 
driving conditions 

Moreover, this new substance does not 
become discolored nor does it require spe¬ 
cial sealing on the edges when it is cut 
into special shapes from standard pieces 
ISince the glass part of the sandwich is 
plate, the result is a product of fine opti¬ 
cal clearness, without waviness or imper¬ 
fections 

Polyvinyl acetal resin is a rubbery 
thermoplastic material A sheet a few 
thousandths of an inch thick is placed 
between two pieces of glass When 
heated it softens to form a plastie bond, 
with perfect adhesion between all sur¬ 
faces While milky before being inserted 
into the sandwich,^’ the plastic sheet 
becomes entirely transparent during the 
processing 

The plastic film itself has remarkable 
properties In the form of a swing it will 
support the weight of a man The shock 
of a 15-pound bowling ball hurled upon 
an outstietched diaphragm is absorbed 
by the film These shock absorption qual- 
ities of the resin filler are also retained 
by the safety glass made from it Even 
though this glass is many times more re¬ 
sistant to shocks, sudden impact is not 
likely to result in fractured skulls, con¬ 
cussions or lacerations 

A sheet of the new high-test safety 
glass may be pounded until the glass is 
completely broken and it may then be 
rolled up like a rug without scattering 
the fragments of broken glass 

Nicol H Smith 



DEMONSTRATION OF ELASTICITY 

AFTER Tins BLOW FROM A BOWLING BALL THE 
MEMBRANE, 0 015 INCHES THICK, RETURNS TO ITS 
ORIGINAL SHAPE 



DEMONSTRATION OP STRENGTH 

198 POUNDS SUPPORTED BY A STRIP OP MEMBRANE 
EIGHT INCHES WIDE. 
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THIS COMPLEX WORLD—NICKEL 


Nickel is not one of the principal ele¬ 
ments of which the earth is composed In 
the rocks which make up its outer layers, 
there is 2,300 times as much oxygen, 1,400 
times as much silicon, 400 times as much 
aluminum, and even 250 times as much 
iron Nor is nickel an element that is a 
principal food of plants or animals, either 
uncombiued with other elements or in 
compounds If it is ne(*essary at all for 
living organisms, it is required in only 
very minute quantities It is not even 
used for jewehy and ornaments Yet 
threads of nickel run all through the 
varied fabrics of civilization, and on its 
slender strands hang weighty problems 
of industry, economics and international 
relations 

About fifty years ago it was found that 
the addition of even a few per cent of 
iiK'kel to steel makes an alloy of very 
remarkable properties The most impor¬ 
tant of the properties of nickel-steel alloys 
is tliat they are very much stronger and 
tougher than ordinary steel Another is 
that the alloys, especially those containing 
more than 5 per cent oi nickel, are stain¬ 
less and acid-resisting Naturally the 
proportions of the metals that should be 
used to obtain alloys of specufied proper¬ 
ties and the methods of producing them 
were learned only after a large amount of 
experimentation Moreover, until well 
within the present century nickel was not 
available in large quantities, and that 
which was available was costly It was 
only after the development of tlie great 
nickel mines near Sudbuiy, Ontario, and 
after improving the methods of refining 
it, that this metal became so abundant 
and cheap tliat it could be used exten¬ 
sively for industrial puiqioses 

Recently the railways have been under 
severe pressure, about half of those in the 
country being virtually bankrupt In 
order to reduce operating costs the capaci¬ 
ties of freight ears have been steadily 


increased, longer trains have been hauled 
and greater average speeds have been at¬ 
tained* Now lighter equipment of a given 
capacity is being nitrodu(»ed by the use of 
nickel-steel alloys An immediate result 
is that the weight of the cars for a given 
load is reduced by about 17 per cent, and 
a whole cliain of consequences follows— 
engineering, maintenance, employment, 
economic, financial For a given amount 
of traffic, right of way and equipment will 
require less maintenance, less steel will be 
used, less coal will be burned, longer 
trains will be hauled, and for all these 
reasons employment will be reduced 

The value of machine tools and machin¬ 
ery requiring strength and durability 
pKxluced annually in this country is of 
the order of two billion dollars The uses 
of nickel-steel alloys in these fields, espe¬ 
cially in high-speed machine tools, are of 
the highest irnpoitance The conse¬ 
quences in reducing costs of an endless 
variety of manufactuied products, and 
therefore increasing their consumption, 
and 111 requiring less man power, modify 
every aspect of our social and economic 
and, indirectly, polit ical order The same 
thing is true of the consumption of nickel 
m the protluction of stainless and acid- 
resisting steels for uses in the chemical 
industries 

Nowadav s nearly ('very discussion evc'ii- 
tually leads to the question of war, as this 
one does Without nickel guns could not 
be produced that would have ranges of 
many miles, naval vessels (and other 
slups) would be heavier and their aimor 
more easily pierced, airplanes would have 
less carrying power—war of offense and 
defense would be entirely different In a 
very long war control of the sources of 
nickel might be a deciding factor Over 
90 per cent, of nickel is produced in Sud¬ 
bury, Canada, and a large part of the 
remainder in the island of New Caledonia, 
which 18 under French control 

F. E M 
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philosophy. Our minds bother us Our 
most serious troubles are mental, and 
many problems of practical life and of 
science would be simplified if the mind 
were given a holiday. Many people do 
this more or less deliberately with results 
not always fortunate. Some objective 
psychologists have done their best to lay 
the ghost, but it will not down. It does 
not do any good to try to solve a difficult 
problem by ignoring the troublesome 
factors or by identifying mind with every 
sort of nervous action, with adaptation or 
with all totalizing or integrative func- 
tions. And panpsychism is a speculative 
excursion of more interest to metaphysics 
than to science. 

For our present purpose the tradi¬ 
tional usage IS adequate My mind is my 
awareness of what is going on. I shall 
not try to define this; I don^t have to, 
because I experience it, and so do you, 
but I do have to accept it as a natural 
phenomenon, and as a naturalist I can, 
therefore, claim a legitimate scientific 
interest in it The possibility of scien¬ 
tific treatment of the subjective has been 
denied, 1 know, but this denial is based 
on erroneous assumptions, that is, on the 
traditional doctrine that my mind is a 
ghost and not an organic part of me 

The aim of natural science is general¬ 
ization and the method is a survey and 
comparison of particular things or events 
which have come within experience and 
abstraction from them of some general 
characteristics common to all of them 
Science can do nothing with an isolated 
fact. How, then, can we investigate sci¬ 
entifically anything so intimately per¬ 
sonal, so unique and detached, as the 
idea or the emotion that has just fiashed 
through my mindt 

This IS the naturalist’s dilemma, which 
is resolved very simply by the transcen- 
dentalists, who say there is no problem 
here because the mind belongs in a spir¬ 
itual realm which is not bound by the 
rules of the natural order This is the 


tradition of the New England Protestant 
orthodoxy m which I was brought up 
and of such teaching of psychology and 
philosophy as was offered in my early 
schooling. But it does not square with 
my experience as a neurologist or in the 
common affairs of adjustment to things 
and people in the daily routine of life. 

Common observation shows—if it 
shows anything at all about human na¬ 
ture and conduct—^that my conscious 
motives, what I want, what I work for, 
and my ideas about it, are actually caused 
by previous events, some of which are 
conscious and some are unconscious, some 
inside my own body and some outside. 
All these are natural events, and no one 
of them IS an isolated event. Even our 
most intimately private mental experi¬ 
ences have discoverable relationships 
with other things and events They can, 
therefore, be investigated scientifically, 
for the study of relationships is the basic 
scientific method All that we know 
about anjrthing is its relationships, in 
fact, the thing is defined by these rela¬ 
tionships This holds for everything in 
our natural cosmos from electrons to 
faith, hope and chanty 

If I make up my mind to sell my house 
and move my family to a hotel, this de¬ 
cision IS the result of countless things 
that have happened before—changes in 
the physical and social environment, in¬ 
crease in taxes, the state of my health or 
perhaps the desire for ready cash to 
finance a speculation. The relation be¬ 
tween these previous events, both the ob¬ 
jective and the subjective, and my pres¬ 
ent motive IS a true cause-and-effect se¬ 
quence by all the rules of scientific evi¬ 
dence that we commonly apply in other 
fields of inquiry 

Prom the other angle my motive in 
advertising my house for sale, which is of 
course a conscious act, is also a real cause 
of some later events If I find a pur¬ 
chaser and invest the proceeds in a wild¬ 
cat speculation, the loss of my fortune 
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affects all the rest of 1117 life and the lives 
of my children. Here we have a mental 
or spiritual’^ event actually having ma¬ 
terial consequences, and nobody would 
challenge it as a cause-and-effect sequence 
if it were not for a preconception or 
taboo rooted in mjrsticism and mythology 

It should not be necessary to labor the 
point that mind and body form an or¬ 
ganic unity. We have no experience at 
all of any mentality apart from bodily 
organs This is the opinion of the busi¬ 
ness executive when he pays a large sal¬ 
ary to ‘‘a man with brains Here is a 
case where the popular idea stands up 
under the most searching scientific criti¬ 
cism better than the sophistries and dog¬ 
mas of the schoolmen Yet even those of 
us who are biologically trained are apt to 
give only lip-service to this sound scien¬ 
tific conclusion. The tradition of the pre- 
scientific mythologies is so deeply im¬ 
planted that we often fail to recognize its 
influence. Most people still cherish some 
modern version of those primitive de- 
monolatries which split the human per¬ 
sonality up into physical and spiritual 
components. 

But my mind is not something de¬ 
tached or detachable from my body and 
so capable of dallying at large indepen¬ 
dently of the rest of me Whatever may 
be acceptable in theology and metaphys¬ 
ics, the biologist as biologist can not be a 
dualist, a trinitarian, a hydra or any of 
the other fabulous chimaeras of our my¬ 
thologies. All nature as he knows it is 
an orderly unit, and anything outside of 
this integrated and law-abiding system 
of things and events is unnatural and 
therefore out of reach by the method of 
natural science. Our present interest is 
to see how far we can go in the explora¬ 
tion of the mental life without overstep¬ 
ping the boundaries of the natural order 

It is obvious that even in the field of 
medical practice the ghosts of traditional 
spiritism have not yet been exorcised. 
The average physician is apt to neglect 


the mental attitudes of his patients, for¬ 
getting Osier’s teaching that mental ther¬ 
apy—^he called it faith”—is the most 
potent remedy of bis pharmacopoeia 
Even the surgeon should not neglect it. 
The late Dr BiUmgs, toward the end of 
his distinguished career as an internist, 
underwent a major surgical operation, 
after which he is reported to have said 
that every surgeon before being per¬ 
mitted to perform an operation should be 
required to submit to one himself This, 
no doubt, 18 asking too much. Nothing 
so drastic has ever been tried, except per¬ 
haps by the psychoanalysts. 

In psychiatry a methodological barrier 
has been set up between so-called ” or¬ 
ganic” and ”functional” diseases. The 
treatments required in the two cases are 
indeed radically different If a toxic 
goitre is diagnosed as a cause of mental 
disturbance, the surgeon may effect a 
cure But our most distressing cases of 
mental disease are as yet known only 
symptomatically, that is, as mental di^ 
order Knowing nothing of the colli¬ 
gated bodily disorders, we apply mental 
therapy, often with gratifying results. 
Functional disorders may be treated by 
functional therapy; but where this fails, 
as alas I it does too often, we are thrown 
back upon a search for causes, and, as 
we have seen, the causal complex of any 
mental process is a web of structure- 
function relationships which must be 
seen in its entirety before we can hope 
for complete understanding The exclu¬ 
sively mentalistic systems of some psy¬ 
chiatries are rooted in transcendental 
philosophy They have, accordingly, an 
internal consistency and in some cases 
good practical results, for our mental 
life IS normally orderly and some of the 
laws of this order are obvious within the 
domain of introspective experience alone. 
Yet this t 3 ^e of medical practice at its 
best has serious limitations which can 
not be wholly overcome by the most 
scrupulous care on the part of the psy- 
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chiatrist in referring his patients to other 
specialists for diagnosis and treatment of 
possible organic complications For the 
psyche has no existence apart from the 
soma, and the psychiatrist, like every 
other physician, must treat his patient 
as a whole and not some disembodied 
complex of symptoms. 

Do not misunderstand me. It is not 
recommended that mental therapy be 
abandoned and replaced by organic ther¬ 
apy That would be a blunder far more 
serious than the neglect of organic ther¬ 
apy by a psychiatrist Organic therapy 
and mental therapy must converge upon 
the patient The practice of mental 
medicine must employ its own armamen¬ 
tarium of principles and technique which 
are as different from those of other spe¬ 
cialties as surgery is from hydrotherapy. 
But the psychiatrist as truly as the sur¬ 
geon must be first a physician and then 
a specialist This is fortunately now 
fully appreciated by progressive psy¬ 
chiatrists, as typified, for instance, by 
Adolf Meyer’s psychobiological approach 
to mental disease. 

Ill 

Having now decided that my mind, 
that is, my awareness, is a vital function, 
we come to the nub of the question—How 
IS my mentality related with other vital 
processes, what is the apparatus em¬ 
ployed m thinking, and how does it 
workT 

There are two traditional formulations 
of this problem. First, How does a body 
make a mindt and, second. How does a 
mind make a body? These questions in 
one form or another have been debated 
for centuries, and we are no nearer the 
answer to-day than was Democritus or 
Plato I am convinced that the question 
formulated m either of these ways, that 
IS, m terms of either traditional material¬ 
ism or traditional idealism, is insoluble 

Those dualistic philosophies which 
segregate the physical and the spiritual 


m two parallel but independent and in¬ 
commensurable realms of being are in¬ 
compatible with any kind of natural 
science. And those traditional monistic 
systems which postulate either matter or 
mmd as the primary or ultimate reality 
and the other as secondary or even il¬ 
lusory are equally sterile and misleading 
in the domain of natural science. 

Things and their properties, mecha¬ 
nisms and what they do, organs and their 
functions, human bodies and human ex¬ 
perience, can not be divorced m this way. 
What nature has joined together, let not 
man by artifice of logical or metaphysical 
analysis tear asunder. These things do 
not exist separately To abstract one 
from the other is to annihilate both 
Count Korzybski in his ‘‘Science and 
Sanity” has exposed the futility of these 
elementalistic systems His definition of 
structure is dynamic, in terms of rela¬ 
tions Bodily structure, accordingly, is 
not one element, its function another, 
and its mental experience a third, for 
these can exist and be defined only in 
their relations one with another and with 
the surrounding world with which they 
are in adjustment 

Of course, we experience these things 
differently, for we do not live m a world 
of pure experience We live relativisti- 
cally, and our finite experience can not 
hope to encompass ultimate reality or 
any of the other absolutes of the meta¬ 
physicians. “For now we know in part, 
and we prophesy in part,” and the hu¬ 
man mind can not hope ever to attain 
“that which is perfect ” Neither the 
Apostle Paul nor any other philosopher 
has ever succeeded in encompassing the 
infinite within the three-pint capacity of 
a human brain 

If now you demand specific and de¬ 
tailed answers to the questions, first. 
What are the bodily organs of the mental 
processes?, and second. Exactly how do 
these organs operate in the performance 
of mental work?, the neurologist can 
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supply a great deal of information about 
the first topic. The right answer to the 
second question is that we do not know 
The knowledge already available about 
the bodily apparatus employed in mental 
processes and recent developments of new 
methods and instruments of precision 
encourage the hope that this second ques¬ 
tion IS not insoluble 

It IS possible to find out what parts of 
the body are actively engaged when we 
perceive a flash of light, when we are 
hungry or angry or when we imagine 
a muscular movement without actually 
executing it We do not yet know all 
about any of these processes, but it is a 
great gam to have identified some of the 
organs involved and to be able to record 
quantitative measurements of some of 
their activities We are beginning to 
know just where to look for other essen¬ 
tial facts. 

One general statement may now be 
made with complete assurance The 
search for some particular localized organ 
of consciousness in general or of any par¬ 
ticular conscious experience is as futile 
as was Descartes' identification of the 
pineal gland as the seat of the soul 

If at mght I am looking at the sky, 
recognize one of the stars as our nearest 
neighbor, Alpha Centaun, and am steer¬ 
ing a boat by the light of that celestial 
beacon, then the bodily organs involved 
m this mental act include eye and brain 
and muscle, all actmg in reciprocal inter¬ 
play Indeed, the dynamic system oper¬ 
ating IS more far-reaching than this, for 
the star is also an essential component 
It follows that the causal complex of 
which my conscious control of the course 
of the boat is one component embraces, 
not only an intricately linked senes of 
very diversified bodily activities, but also 
events which took place 25 million million 
miles away and nearly five years ago, for 
Alpha Centaun is distant 4 35 light-years 
from the earth 

If we attempt to view this causal situa¬ 


tion in its entirety, we recognize a num¬ 
ber of things and events which are local¬ 
ized in space and time and which are 
locally segregated as organs with specific 
functions, such as sense organs, groups 
of cooperating muscles, reflex arcs, and 
so on Each of these **partial patterns," 
as Coghill calls them, has a certain mea¬ 
sure of unity and individuality These 
local and partial patterns are woven to¬ 
gether into larger "total patterns" which 
involve integrated activity of the organ¬ 
ism as a whole or major parts of it 

Now, thmking is a total pattern It is 
not performed by any linkage of particu¬ 
lar nerve cells or centers in fixed and 
stable combination, like the arrangement 
postulated in the traditional diagrams of 
the reflex arcs The search for localized 
cortical centers which perform the func¬ 
tions of perception, ideation, imagination 
or volition is vain These, it is true, are 
acts performed by the body and specifi¬ 
cally by the cerebral cortex in a restricted 
sense; but no one of these acts is ever 
exactly repeated, the set-up of conditions 
is never twice the same, and the cortical 
apparatus at each successive moment of 
the ceaseless ebb and flow of nervous im- 
pulseii through its inconceivably complex 
web of nervous pathways is under the 
influence of outside events on both the 
sensory and the motor side The sensory 
systems play upon the cortex at every 
moment of waking and sleepmg life and 
all motor activities are reported back to 
the cortex and m turn mfluence subse¬ 
quent cortical adjustments. 

Our awareness of what is going on, the 
content of consciousness, is elaborated 
(we know not how) from these sensori¬ 
motor experiences These may be recom¬ 
bined in new patterns m imagination, 
fantasy and abstraction, but even inven¬ 
tion and creative artistic inspiration can 
not go far beyond the domain of sensory 
experience The most inspired genius 
can conceive no glories that are other 
than kaleidoscopic recombmations of 
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what he already has sometime sensed. 
A scientific hypothesis is old facts reset 
and redirected, and the heaven of apoca¬ 
lyptic vision has gates of pearl, streets of 
gold and diadems of jewels of earthly 
form. 

IV 

Now we come back to the original ques¬ 
tion, What kinds of stuflP are minds made 
out ofT The answer seems to be that 
mmdstuff is bodjrstuff. This does not 
mean that mmd is matter or that matter 
is mind. Neither matter nor mind is inert 
structure. A structural psychology is 
to-day outmoded as completely as is the 
atomic physics of a generation ago Mat¬ 
ter is not something passively acted upon; 
it is a very lively thing and its activity 
is inherent in its structure. The biologist 
is driven to the conclusion that some spe¬ 
cial patterns of material structure exhibit 
the properties (that is, the activities) of 
life. This living substance we call pro¬ 
toplasm Following the same line of 
evidence further, the conclusion is equally 
unavoidable that some special structural 
arrangements of protoplasm exhibit the 
properties of mind, that is, an awareness 
of some components of the flowing net¬ 
work of process which is characteristic 
of this particular kind of structure. 

Life IS still a mystery. We have not 
yet found a scientific formula for it 
Mind is still more mysterious. But the 
precedmg statements seem to rest on the 
safe ground of well-validated scientific 
evidence The mystery of mind will 
probably remain, for if mind is a mani¬ 
festation of the activity of structure, the 
mind can not know itself as awareness 
and at the same time have direct knowl¬ 
edge of the structural apparatus that 
performs the function of knowing 

This seems to be an inherent limitation 
of our nature as finite beings. Our 
awareness is a process patterned in the 
four dimensions of space-time The ap¬ 
parently static structural patterns of 
naive experience seem like objectified 


cross-sections of the process, pictured as 
arrested motion like a single frame of a 
moving picture film. The temporal 
dimension is eliminated. But temporal 
relations are essential features of men¬ 
tality. There are no mental states, only 
mental acts. 

All our knowledge of structure is indi¬ 
rect, and must be so Prom this it does 
not follow that material structure is illu¬ 
sion or less real than mind The natural¬ 
ist must be a practical realist—and so 
must everybody else, for if we do not 
adjust our conduct to the realities of the 
objective world we quickly perish. 

Just as we have learned to use subjec¬ 
tive experience as a token or representa¬ 
tion of thmgs and events of the outer 
world to which we must adjust and also 
of the operation of certain bodily mecha¬ 
nisms (as yet very imperfectly under¬ 
stood), BO conversely we may use the be¬ 
havior and bodily structure of other men 
and animal kind as objective tokens or 
indicators of what they are probably ex¬ 
periencing This indirect evidence about 
other minds than my own is more reliable 
the closer the resemblance between these 
other patterns of behavior and bodily 
organization and those which I myself 
exhibit. I feel, for instance, that I un¬ 
derstand my wife's mind better than I 
do that of my dog and I am sure that my 
understanding of both of them leaves 
much to be desired 

Since the organ and its function are 
inseparable, once we have discovered this 
relationship we can safely infer the pres¬ 
ence of the organ if the function is mani¬ 
fested and the presence of the function 
wherever the organ is found. A com¬ 
petent zoologist can tell a great deal 
about the habits even of an extinct dino¬ 
saur from a study of its skeleton. We 
use in this way not only bodily structure, 
but evidences of animal handicraft, bee¬ 
hives, beaver dams, and the like. So also 
the archeologist may reconstruct and 
evaluate an extmct human culture, corre- 
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lating utensils, works of art and dwell¬ 
ings with skeletal remains, cranial ca¬ 
pacity and cephalic index. 

Because this indirect evidence is all 
that we have, we must make the most of 
it. This method is serviceable in propor¬ 
tion as our knowledge of both structure 
and function is complete and reliable. So 
we study comparative anatomy, compara¬ 
tive physiology and the comparative 
embryology of both structure and be¬ 
havior. But the most comprehensive 
knowledge of these things will never take 
us to the desired goal unless all the facts 
are actually brought together and con¬ 
verged upon the particular individual 
whose vital processes are under investiga¬ 
tion. 

For an adequate understanding of the 
actual relationship between bodily struc¬ 
ture and performance it is necessary to 
know the past life of the individual, both 
his personal development and his ances¬ 
tral or evolutionary history. We look 
for sources, for beginnings, and then fol¬ 
low the steps of subsequent development 
and differentiation By way of illustra¬ 
tion let us now summarize briefly two 
programs of research into the origin and 
early development of behavioral capacity 
of the individual. 

We owe to the insight, skill and in¬ 
defatigable industry of Coghill the 
demonstration of the importance and the 
practicability of this correlation of de¬ 
velopment of patterns of behavior with 
the organs which actually execute the 
behavior He selected for intensive study 
a primitive and generalized animal where 
the essentials of the problem are reduced 
to simplest terms, the salamander, Ambly- 
stoma This was a fortunate choice, for 
durmg the span of the forty years of his 
labor this animal has proved to be the 
most serviceable type for a wide range 
of researches upon fundamental biologi¬ 
cal problems 

Dr. Coghill’s first step was the determi¬ 
nation upon statistically adequate num¬ 


bers of specimens of the actual sequence 
of development of patterns of overt be¬ 
havior which are characteristic of this 
species. He then took a series of speci¬ 
mens, each of which was known by test to 
have reached a specific stage m this 
physiological scale, and subjected every 
one of them to detailed microscopical 
study, thus revealing the corresponding 
series of structural changes. It has been 
my recent good fortune to repeat many 
of Coghiirs observations on a different 
series of specimens prepared by methods 
different from his, with full confirmation 
of his findings These studies have stimu¬ 
lated many others, so that we now have 
comparable observations upon a wide 
range of animal species 
It 18 already clear that the sequence of 
events in the process of maturation of the 
action system may be very different in 
the various kinds of animals. Ambly- 
stoma, which may hatch from the egg 
before the twentieth day and thereafter 
swims actively, shows from the start a 
different pattern from that of the toad- 
fish, whose yolk-laden eggs develop more 
slowly It is unsafe to carry over gen¬ 
eralizations from one species of animal to 
another without actual control by critical 
observation and experiment As the late 
W. K. Brooks used to say, ‘ * The only way 
to know IS to find out ** 

Some men have been described as rats, 
but no rats are men The course of 
human prenatal development does not 
run exactly parallel with that of any of 
the other animals whose fetal behavior is 
now under investigation. Yet the diffi¬ 
culties in the way of successful prosecu¬ 
tion of studies of human prenatal be¬ 
havior are very numerous and baffling 
Fortunately several mvestigators have to 
varying degrees overcome these obstacles. 
The pioneer was Minkowski. The most 
completely documented and systematic 
observations are those of Hooker Paral¬ 
lel with the accumulation of these records 
of behavior, anatomical studies of the ac- 
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companying changes in structural devel¬ 
opment are in process. These researches 
yield a wealth of facts which can now 
replace speculation about many features 
of early human development which are 
of fundamental value in fields as diverse 
as embryology, physiology, anthropology, 
psychology and medical practice 

These studies of embryological origins 
and subsequent differentiation do not go 
back to the beginning, for every indi¬ 
vidual IS endowed by his ancestors with 
a characteristic hereditary organization 
This is his working capital as he begins 
his career as a separate person These 
inherited potentialities and limitations 
must be known and carefully invoiced 
and appraised Neither nature nor the 
natural man can make something out of 
nothing or perform any other miracle. It 
follows that the entire evolutionary his¬ 
tory of the race must be surveyed to learn 
as much as possible about the genetic 
composition of the fertilized egg, for this 
tiny fleck of protoplasm has somehow 
concealed withm it all the potencies which 
are transmitted to the germ from count¬ 
less generations 

My own attack upon the problem of the 
sources and growth of the apparatus of 
our mental capacities is directed toward a 
search for evolutionary origins Trained 
as a comparative anatomist and struc¬ 
turally minded, as an anatomist must be, 
I fortunately was taught when very 
young that structure has no meaning 
apart from what it does. There is gen¬ 
eral agreement that the human cerebral 
cortex is the master tissue in the control 
of our conduct It is equally clear that 
this cortex has been elaborated in the 
course of many million years of intense 
evolutionary struggle for survival from 
a simpler and more primitive sort of 
nervous tissue which is not cortex as we 
define it It may help us to understand 
the still unsolved mysteries of cortical 
activity to mquire where the cortex came 
from. Fishes have no cortex, though the 


rest of the brain is organized on much 
the same plan as our own. Can we trace 
the emergence of cortex from primordial 
tissue which is not cortex, and can we 
discover the agencies operative in effect* 
mg this transformation? 

Our knowledge of the texture of the 
brains of fishes and of representatives of 
all groups of animals from fish to man is 
very extensive. We know the fossils of 
these various types of animals from early 
Silurian times until now, and from their 
skull casts we can restore the forms of 
their nervous s 3 nstems and write a fairly 
accurate history of the evolution of the 
brain 

From the assemblage of all available 
evidence it is obvious that when some 
primitive ganoid fishes developed lungs 
and were able to emerge from the 
water as air-breathers these revolution¬ 
ary changes in the mode of life were 
reflected m the structure of the nervous 
system. This transition from primitive 
amphibian fishes to true amphibians was 
effected perhaps three hundred million 
years ago, and fortimately we still have 
with us living representatives of some of 
these transitional forms These are the 
critical species for mvestigation of early 
stages in the emergence of cerebral cortex 
from its primordial matrix m the cerebral 
hemispheres I have, accordmgly, for 
now nearly fifty years devoted myself to 
the study of the minute structure of these 
amphibian brains, with especial attention 
to Amblystoma, the same salamander 
which Coghill employed in his classical 
researches 

Even a brief summary of these inves¬ 
tigations and similar studies by other 
comparative neurologists would require a 
thick volume of very technical neuro¬ 
logical description It is possible to rec¬ 
ognize in fishes and salamanders and 
frogs, which have no cortex, the parts of 
the forebram within which cortex 
emerges in reptiles and to discern some 
of the physiological agencies there opera- 
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tive which prepare the field for cortical 
differentiation. 

In the more primitive amphibian spe¬ 
cies most of the activities are generalized 
mass-movements Their brains, accord- 
mgly, possess few sharply localized re¬ 
flex arcs, but the entire nervous fabric is 
woven together by an intricate feltwork 
of very fine and widely branched nerve 
fibers. This tissue we call neuropil. It 
seems to be the chief apparatus of inte¬ 
gration of behavior and of those totalizing 
activities which the gestalt psychologists 
have brought to light and which can not 
be fitted into the stimulus-response for¬ 
mula It is also probable that it is em¬ 
ployed in conditionmg of reflexes—a 
learning process—and many other forms 
of modifiable behavior This neuropil, 
together with its derivatives in higher 
brains, such as the reticular formation, is 
the parent tissue from which all the more 
highly elaborated organs of integration 
and totalizing functions have been differ¬ 
entiated This non-specific and labile 
tissue and many complex cerebral organs 
derived from it may be regarded as an 
equilibrated dynamic system which oper¬ 
ates more or less as a whole and in con¬ 
stantly fluctuating patterns depending on 
the sensori-motor activities at the moment 
in process in the more sharply localized 
tracts and centers of the analytic sys¬ 
tems. The further differentiation of this 
tissue culminates in the emergence of 
cerebral cortex withm particular fields of 
the cerebral hemispheres, and the early 
chapters of the history of this critical 
period in the evolution of brains can now 
be written. 

We can also trace the progressive com¬ 
plication of the texture of the cortex in 
the series of animals from serpents to 
men and so arrive at some conclusions as 
to the difference between the wisdom of 
the serpent and the wisdom of man For, 
as Dr. Gannon has graphically shown, 
there is a wisdom of the body and, as I 
maintain, there is no other fand of wis¬ 
dom. 


V 

The human brain is the most compli¬ 
cated structural apparatus known to 
science. If all the equipment of the 
telegraph, telephone and radio of the 
North American Continent could be 
squeezed into a half-gallon cup, it would 
be less intricate than the three pints of 
brains that fill your skull and mme 
More than half of this brain tissue is 
cerebral cortex and parts immediately 
dependent upon it The most ungifted 
normal man has twice as much of this 
master tissue as the most highly educated 
chimpanzee 

This cortex is a sheet of grayish jelly 
spread over the convolutions of the cere¬ 
bral hemispheres withm which are em¬ 
bedded ten thousand million nerve cells 
It IS a conservative estimate that each 
of these cells is in anatomical and (poten¬ 
tial) physiological relation with at least 
a hundred other cells by means of an 
interwoven fabric of nerve fibers of in¬ 
conceivable complexity The possibih- 
ties of functional patterns of mterconnec- 
tion among these nervous elements are 
practically infinite. These arrangements 
are not haphazard; they are orderly; and 
it IS the neurologist's task to discover the 
laws of this order 

Good progress in this program is 
already recorded, and the immediate 
future offers promise of still more rapid 
advance, for we have new points of view 
and new instruments of precision I 
have ventured the prediction that the 
recently developed electrical methods of 
recording nervous impulses by means of 
the oscillograph and radio tube amplifiers 
will enlarge the field of nervous physiol¬ 
ogy as fruitfully as the science of anat¬ 
omy was revolutionized by the invention 
of the compound microscope. 

Examination of the biains of animals 
from low to high in the scale and of man¬ 
kind from early fetal stages to the adult 
reveals differences in texture which are 
directly correlated with patterns of be¬ 
havior and presumptively with types of 
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experience. This presumption can be 
tested in the case of the human brain, 
where correlated studies in clinical neu¬ 
rology and neuro-pathology reveal num¬ 
berless clear demonstrations of the 
relations between particular cerebral 
organs and various sorts of conscious 
experience 

It is possible to trace, in the course of 
vertebrate evolution and in human em- 
bryological development the progressive 
maturation and complication of cerebral 
tissue, first in the older stem portion of 
the bram and later in the cortrcal fields, 
and to correlate these changes with the 
gradual transfer of control of behavior 
from brain-stem to cortex. The more 
stereotyped reflex and instinctive types 
of behavior have their central adjusters 
in the prinutive brain-stem. The matura¬ 
tion and elaboration of the cortex comes 
later, and with it greater capacity for 
learning by personal experience and all 
the higher mental process which make 
this possible These two kinds of control 
of behavior—^that is, the relatively stereo¬ 
typed innate reflex and instinctive as con¬ 
trasted with the more plastic individually 
learned—^have a common origin in the 
adaptability of all living substance 
They are not sharply separated, and every 
human activity is a blend of both of them. 
Yet the distinction between them is of 
great practical significance, and mcreas- 
ingly so as we pass from lower to higher 
species of animals The nervous appara¬ 
tus employed m the primitive subcortical 
t 3 rpes of adjustment is recognizably dif¬ 
ferent from that of the cortical adjusters 
and the enlargement of our knowledge 
of these differences is now at the focus of 
interest, for this is the key-problem of 
physiological psychology. 

VI 

In my own experience the feature 
which seems most characteristic of the 
higher mental processes is the ability to 
use mental sjonbols of one sort or another 


as tools of thought. These symbols evi¬ 
dently have grown up by abstraction 
from many particulars of something 
which is common to all of them; thus all 
squares differ from all circles in easily 
definable ways, and for these differences 
the words are symbols Language is, of 
course, the chief vehicle of these symbols, 
but it IS not the only one 

The symbolisms of language, mathe¬ 
matics, pictorial art, and so forth are 
consciously employed Ability to use 
abstractions of this sort has grown up 
very gradually in the life of the mdi- 
vidual and the history of the race. In its 
more primitive forms it may be, so far 
as we know, entirely unconscious All 
plants and all animals show some ca¬ 
pacity to adjust their behavior to the 
uniformities of their natural surround¬ 
ings In racial experience these common 
features have been abstracted from the 
heterogeneous environment and by natu¬ 
ral selection or other biological agencies 
woven into the hereditary texture of their 
bodies so that they make these adaptive 
adjustments to the alternations of day 
and night, change of seasons, and so on 
quite naturally ’’ Here we see on the 
most elementary biological plane an ab¬ 
straction from mixed experience of some 
general features which enable the animal 
to adjust himself in advance to future 
events before they happen, as when the 
fur thickens in preparation for winter 
and a bee, wasp or beaver lays by his 
store of food in a skilfully constructed 
dwelling 

This ‘‘animal faith,” as Santayana 
calls it, may be exercised blindly and 
unwittingly, but it seems to be the germ 
from which all higher types of abstrac¬ 
tion and symbolism have grown. When 
a rat is taught to discriminate between a 
square and a triangle, regardless of size, 
illumination or arrangement of the test 
objects, we are dealing with a higher 
grade of abstraction which must be indi¬ 
vidually learned, for this ability is not 
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part of the rat’s hereditary endowment. 
If this sort of learning has any intelligent 
oontrol, it is of rather low order, though 
even m rats Dr. Norman R. P. Maier, of 
the University of Michigan, has objective 
experimental evidence of types of per¬ 
formance which fundamentally are in¬ 
distinguishable from human rational 
behavior. 

The progressive enlargement of this 
capacity for abstraction can be tested in 
terms of objective behavior. Experi¬ 
ments with monkeys by Eluever and 
Bucy are now in process which show that 
destruction of certain definite cortical 
structures may cause a mental disorder 
(agnosia, asymbolia) comparable with the 
simpler types of human aphasia The 
acquisition of symbols for abstractions 
provides a usefid objective index of the 
growth of intelligence, whether the sym¬ 
bol IS expressed as gesture or a spoken 
word. 

Parallel with these studies of the devel¬ 
opment of patterns of behavior and com¬ 
parative psychology, we have a series of 
anatomical descriptions which show a 
close correlation between the grade of 
performance which an animal (or a child) 
can exhibit and the structural differen¬ 
tiation of the nervous system. These 
details are intricate and technical, but I 
wish to make it clear that we are not 
merely guessing when we say that it is 
possible to cite a wealth of facts about 
the location, structure and physiological 
properties of the bodily organs employed 
in making mental sjrmbols and in all 
those higher rational processes which em¬ 
ploy them—in short, the semantic func¬ 
tions. 

I have elsewhere suggested a biological 
classification of the kinds or grades of 
learning under three heads: First, organ- 
ismic or protoplasmic learning, that modi¬ 
fiability by use or practice which is a 
generri characteristic of all living sub¬ 
stance, for all protoplasm can learn. 
Second, sensori-motor or neural learnmg. 


whose exercise requires a differentiated 
nervous system. This is tjrpified by a 
rat’s ability to learn to make an errorless 
run through a maze Third, semantic or 
cortical learning which works with ideas 
and mental symbols of various grades of 
abstraction. This kind of learning can 
not go far without the aid of language 
and IS a token of our humanity It is 
distinctly a cortical function 

The transfer in higher mammals of the 
dommant control of conduct and of the 
course of conscious experience from 
brain-stem to cortex and from physiologi¬ 
cal to psychological technique has momen¬ 
tous consequences The mental symbols 
elaborated in some unknown way by the 
integrative apparatus of the human cor¬ 
tex give to mankind new tools of adjust¬ 
ment which have extended the reach of 
his control from the present into the 
future The human brain, as Sherring¬ 
ton aptly expresses it, is ‘‘fraught with a 
germ of futurity.” 

Mental symbols and their objective 
signs in language, mathematics and so 
forth are the indispensable tools of the 
life of reason With the help of these 
tools mankind can preserve and profit by 
the past experience of the race as recorded 
in tradition and literature and by imagi¬ 
nation and invention enlarge his under¬ 
standing and control of the inorganic, 
organic and human agencies of produc¬ 
tion and enjoyment. And of far more 
importance, he can predict the future and 
lay out his present course of action in the 
light of probable future consequences of 
the present act The most intelligent 
brute lives mainly in the present Men 
attentively bmd the past and the future 
into their present and thereby become as 
gods, knowing good and evil 

This capacity for “time-binding,” as 
Count Korzybski phrases it, is perhaps 
our most distinctive human characteris¬ 
tic. The ability to select from among 
several possible courses of action the one 
which intelligent foresight indicates will 
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at some future time 3 aeld the satisfaction 
desired provides the key which opens 
doors of opportunity which are closed to 
all the brute creation We are free to 
make choices in the light of past experi¬ 
ence and to make up our minds about 
what we propose to do about it in rational 
judgment. This free voluntary choice 
sets the musty problem of the freedom 
of the will in a natural frame unobscured 
by any fog of mysticism, because this life 
of reason is part of our natural lives as 
sentient bemgs. 

It is this which makes it possible for 
every individual to lay out an intelli¬ 
gently planned program of self-culture 
which shapes the course of his own growth 
in competence and the achievement of 
higher satisfactions. It is part of our 
apparatus of regulatory control, and it 
carries with it a personal responsibility 
for character building and for all the 
conduct manifested by the characters 
which we have built. Our natural free¬ 
dom involves an equally natural respon¬ 
sibility. And this becomes, by definition, 
a moral responsibility as soon as a social 
component enters into the intelligent 
analysis of situations requiring the exer¬ 
cise of voluntary choice. 

This is what our brains are good for. 


and the salvage of our civilization from 
its present peril of reversal to barbarism 
depends on our capacity by educational 
and other means to cultivate in all our 
people a more intelligent appraisal of the 
values sought and ability to curb irra¬ 
tional passion and selfish greed for wealth 
or power in the interest of those social 
values which make civilization possible. 
At the present stage of human culture a 
stable social organization is absolutely 
essential to personal welfare This im¬ 
plies a proper balance between personal 
profit and the public good, and this is 
what we mean by moral conduct We 
have, m fact, reached a stage of cultural 
evolution where some of the moral values 
have actual survival value Without 
them our civilization perishes and we 
perish with it 

It follows that a natural system of 
practical morals can be elaborated from 
this simple principle» That social stabil¬ 
ity upon which the survival and comfort 
of the individual depend and that moral 
satisfaction upon which his equanimity, 
poise and stability of character depend 
arise from the maintenance of right rela¬ 
tions with our fellow men The right 
relations are those which are mutuaUy 
advantageous. 



CUTTHROAT COMPETITION IN THE SEA' 


By Dr. W. E. ALLEN 
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Lest the terminology lack significance 
to others, let me explain the wording of 
my title. Perhaps it has been two, three 
or more decades smce I first heard the 
phrase “cutthroat competition** applied 
to the life and death struggle between and 
among many kinds of business enter¬ 
prises. Whatever, however and when¬ 
ever the occasion of its use that first 
attracted my attention, it made a strong 
impression upon me Since then it has 
always carried the idea of desperate, 
heartless and insatiable strife for place 
and the means to sustain it As my ac¬ 
quaintance with life and nature “m the 
raw** has expanded and progressed this 
idea has been transferred with slight 
modification to the relationships of lower 
organisms Although we may not be able 
to say properly that they are vicious and 
heartless in their struggles for place and 
maintenance, it is surely correct to say 
that they, no less than man, are desperate 
and insatiable in their competitions with 
each other 

Ordinarily, so far as our acquaintance 
with human competition goes, we are dis¬ 
posed to think that Tom Jones, the 
plumber, has no competition with Bob 
Tate, the grocer, and that Richard Roe, 
the doctor, has no competion with John 
Doe, the lawyer. We are more familiar 
with conditions under which grocers are 
against grocers, doctors against doctors, 
lawyers against lawyers, and plumbers 
agamst plumbers. This is especially true 
when the means of maintenance are lim¬ 
ited m any of these fields or others like 
them. But, as a matter of fact, any or 
all of those just mentioned may come into 
competition m seeking homes or favorable 

I Contributions from the Scripps Institution 
of Oceanography. New Series No 58. 


sites for business So it is in the sea. 
When certain conditions exist an organ¬ 
ism may find competition only with those 
of its own kind seeking place and suste¬ 
nance. But, certam other conditions may 
remove competition between kin while in¬ 
troducing competitions with widely dif¬ 
ferent creatures 

Numerous aspects of competition of 
marine organisms might be mentioned, a 
few of which are selected for present dis¬ 
cussion. To me, cutthroat competition 
appears to be more evident and more im¬ 
pressive among sedentary animals and 
plants, those living attached to solid ob¬ 
jects as distinguished from those afioat 
(plankton) or those swimming (nekton) 
in or through the water. But d^ussion 
of their vicissitudes of existence may be 
clearer after references to the flotant 
(planktonic) and natant (nektonic) 
forms 

In Southern California seas many dif¬ 
ferent kinds of animals, including man, 
prey upon the sardines Under the stress 
of competition when sardines are rela¬ 
tively few it IS probable that other ani¬ 
mals would take the same attitude as man 
if they were able to establish or exhibit 
attitudes They might accuse him and 
each other of reducing the supply, just as 
he accuses sea lions, sharks and birds 
If given opportunity, all would attempt 
to get rid of competition by destroying 
the accused competitor Lackmg the abil¬ 
ity to establish that attitude, the enemies 
of the sardine frequently make up for it 
by engaging m a race to kill which has 
some of the typical features of cutthroat 
competition, especially viciousness and 
heedlessness, "^en one sees a school of 
sardines bemg decimated or destroyed by 
ravenous barracuda, mackerel, bonita and 
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sharks, in the water, aided by swooping 
pelicans, terns and cormorants from the 
air above, he wonders that any small fish 
should be able to survive 
But, although less abundant than for¬ 
merly, sardines do survive On most 
days when the sea is smooth in clear 
weather half a dozen or more small 
schools may be seen from the laboratory 
windows of the Scnpps Institution of 
Oceanography as they ripple the surface 
of La Jolla Bay. In one way it seems 
probable that competition of their ene¬ 
mies in destroying them has favored pros¬ 
perity of sardine survivals by diminish¬ 
ing their own competition for food One 
does not think of the sardine as a fero¬ 
cious animal, yet it seems to be reason¬ 
ably clear that if sardine numbers in¬ 
creased excessively their food supply 
would be consumed and diminished to 
the point where desperation of competi¬ 
tion for sustenance among them would be 
as severe as that among the enemies en¬ 
gaged in their destruction 
The food of sardines consists of a num¬ 
ber of different kinds of plankton animals 
and plants, all small and many micro¬ 
scopic. In Southern California seas the 
tmy crustaceans called copepods con¬ 
tribute largely to the food supply of these 
fishes Some copepods are predatory, but 
most of those under notice here are plant 
feeders, living on diatoms, dinoflagellates 
and other microscopic plants. Inasmuch 
as they pick up this food material while 
swimming feebly through the water, there 
is not much opportunity for individ¬ 
ual conflict over particular items Like 
larger herbivorous animals, they browse 
along without much attention to each 
other Even when food is scarce, it is 
difficult to see how they can oppose each 
other forcefully while getting it. Rather, 
we must suppose that the stress of com¬ 
petition between individuals appears only 
in seeking and graspmg food particles 
over a wider range than usual, thus men¬ 
acing the supply for others without direct 
conflict. But, of course, this kind of 


competition may be as desperate and in¬ 
terminable as any. 

Nor do the microscopic plants which 
constitute the phytoplankton escape com¬ 
petition. Through most of the year, in 
most seas, they are likely to be few in 
numbers and irregular in locality oc¬ 
currence or distribution. One drop of 
water may contain a few to several in¬ 
dividuals, while neighboring drops in 
that locality have none. In another lo¬ 
cality few drops of water contain any 
Investigators suggest that in one ease 
light IS not favorable, in another case 
that phosphates are deficient in quantity, 
in another case that temperature is not 
favorable, in another case that overgraz¬ 
ing by animals has made or kept the 
plant populations small, and so on 
Whatever the unfavorable influence or 
lack of influence or the unfavorable com¬ 
bination of influences may be the condi¬ 
tion almost always marl^ a period in 
which competition is negligible, the or¬ 
ganisms present being spaced too far 
apart from each other to make any essen¬ 
tial difference in the use of materials 
obtainable 

But, now and then, there are periods 
of days or weeks in which a combination 
of influences favors rapid growth, devel¬ 
opment and multiplication of microscopic 
plants of many kinds or of some par¬ 
ticular kind Toward the end of such 
periods the abundance of one or more 
kinds may increase until the sea water 
IS discolored and looks ‘ * soupy. ^’*'*‘*» ® 
At such times one or more hundreds of 
individual specimens may be present in 
each drop of sea water over an area of 
several or many square miles through 
depths from the surface to one hundred 
feet or more While there is still a great 
lack of information coneemmg the func- 

3W, E Allen, Quart, Mev, Btol, 9 161-180, 
1934. 

3 H B Bigelow, Bull U, 8, Bur. Fisheries, 40. 
part 2, 1926. 

« E. Haeckel, ^'Planktonatudien.*' Jena, 1890. 

3 H N. Moseley, Notes by a Naturalist on 
the Challenger,** London, 1879. 
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tional activities and physiological condi¬ 
tions of such dense populations it is well 
known that supplies of phosphates, ni¬ 
trates and other nutrient materials are 
diminished in the area occupied. There¬ 
fore, it IS reasonable to suppose that life 
and death competition for sustentative 
materials exists, even though it lacks any 
suggestion of strife of one individual 
against another 

So far I have noticed only those organ¬ 
isms which generation after generation 
spend their lives suspended (floating or 
swimmmg) m sea water. In addition to 
such as these there are vast multitudes of 
different kinds of animals and plants 
which spend only parts of their lives or 
cycles of existence in the same way. 
Populations as dense as any mentioned 
above are very common for short periods 
in certain tide pools, where sex cells, 
larvae and other floating or swimming 
forms are released m clouds by fixed 
(sedentary) organisms at favorable times 
The water over almost any beach is likely 
to be clouded temporarily with reproduc¬ 
tive materials and products or with prop¬ 
agating units at appropriate seasons of 
the year. Inshore waters in general may 
contain large numbers of plant and ani¬ 
mal units of one kind or another at any 
time of year in warmer seas, some de¬ 
tached by surf or wave action, others 
normally detached forms of propagative 
or reproductive character Sometimes 
these transitory populations take resi¬ 
dence m coastal water masses at a time 
when they are occupied already by vast 
numbers of permanent residents. In such 
eases, competition of all kinds may reach 
critical intensity in the locality, some 
organisms competing for such operating 
essentials as oxygen to breathe, others 
competing for foodstuffs, still others com- 
petmg for light, and all competing for 
space to be occupied by their bodies In 
such populations one kind of competition 
will be found much more prominent than 
it ever becomes m populations of offshore 
waters; it is competition for reproduction 


Throughout most of the year any kind of 
a population in offshore waters is mainly 
active in growth and development. Even 
when a reproductive period involves a 
dense population, e g», one of sardines or 
copepods, it IS not probable that repro¬ 
ductive competition is very great, the 
eggs and sperm being scattered in the 
water so rapidly that relatively few sex 
cells meet excessive numbers of the op¬ 
posite type Inshore, the condition is 
likely to be different, each egg liberated 
in a tide pool being surrounded by enor¬ 
mous numbers of sperms competing for 
union, or each female organism being be¬ 
sieged by great numbers of struggling 
males 

Among the larval or juvenile forms of 
sedentary organisms found m coastal 
waters another kind of competition of 
utmost urgency appears as individuals 
get ready to attach themselves for the 
stationary phase of existence In most 
localities unoccupied surfaces with satis¬ 
fying characteristics for young home- 
seekers are relatively rare. Not only are 
appropriate submerged surfaces or sur¬ 
faces frequently submerged already occu¬ 
pied by animals and plants of a preced¬ 
ing generation, but many surfaces which 
lack full fltness for occupancy are also 
in use Therefore, in trying to find a 
lodging place the new settler is con¬ 
fronted with opposition (passive or ac¬ 
tive) from old settlers of many kinds in 
addition to rivalry of those of its own 
generation 

Under these circumstances the outlook 
for youngsters of most kinds seems very 
dark, even hopeless. And, one might 
suppose that the competition for space 
would be extremely one-sided, nearly all 
the fatalities being among those who seek 
rather than among those who possess. 
However, no data have wor been com¬ 
piled which are adequate to support an 
absolute generalization to this effect. No 
matter, the finding of acceptable lodg¬ 
ment by a successful seeker does not solve 
or terminate the problem of space rela- 
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tionships. Except, perhaps, for certain 
unicellular forms the act of process of 
attachment and settlement is merely the 
begmning of a period of growth and ex¬ 
pansion in which the need for more and 
more space is just as urgent as ever until 
the end of that phase of existence is 
reached. Many different kinds of seden¬ 
tary animals and plants live under per¬ 
petual continuance of this stress of strife 
for place, barnacles, oysters, mussels, 
bryozoa, tunicates, hydroids, serpulids 
and a number of different kinds of ^^sea 
weeds” being especially prominent m 
numerous localities in Southern Cali¬ 
fornia waters. 

Of these, the ” California striped 
barnacle” (Balanus tvntmnabulum Calu 
formcus) is especially favorable for at¬ 
tention, partly because of its great abun¬ 
dance and partly because of its rigidity 
of shell structure and the protuberant 
habit of growth. Years ago, Visscher® 
found that barnacle larvae ready for at¬ 
tachment under experimental conditions 
were inclined to be meticulous, trying 
out one and another and still other spots 
on the surfaces offered for their attach¬ 
ment. It is diflScult to believe that they 
would always behave this way in their 
natural habitat with myriads of their 
kind trying to find points for fixation at 
one time. Surely the need for haste 
would be so great that fastidious testing 
would be impossible, at least at the period 
of greatest abundance when the number 
attaching may be as high as three hun¬ 
dred per square inch.^ Certainly, several 
of the points selected by individuals in 
Pig. 1 seem to have been chosen without 
much attention to fitness, either because 
of the race for position or because of the 
diminishmg range of choices as all spaces 
were filled. However, the fact that some 
of the surfaces of shells of the larger in¬ 
dividuals lack occupants may mean they 

^ J Paul VlBseher, Bull U, 8, Bur, FisherieSf 
48: Part 2, 1928. 

»W. B Coe, Bull, Soripps Inst Oeeanog, 
Tech. Ser., 3: 87-86, 1932. 


had been tested and rejected for cause, 
although they may look to us much more 
favorable than the case of shell upon shell 
upon a shell attached to a fourth shown 
in Fig 2. Still, there is plenty of evi¬ 
dence that preferences exist, not only for 
certam materials but for certain positions 
on solid objects.®* •• 

The small insulated wire upon which 
this dense colony (Pig. 1) of small bar¬ 
nacles found lodgings was used to hold 
in place some submerged experimental 
plates at the pier of the Scripps Institu¬ 
tion of Oceanography. It received no 
definite attention until after the colony 
had become conspicuous. Therefore, the 
history of the attachment activities is 
unknown. However, there was evidence 
to mdicate that the surfaces of insulated 
parts were occupied much more quickly 
than the bare copper (if the latter was 
occupied at all, a matter difficult to deter¬ 
mine positively because of the smallness 
of the bare area and because of over- 
lappmg or bridging of shells from in¬ 
sulation material). At any rate, crowd¬ 
ing was more conspicuous and growth was 
far greater on the insulation material 
than on or over the copper Evidently, 
the homeseeking larvae found the insula¬ 
tion surface so attractive that they tried 
to reach it again and again. 

Directly or indirectly (shells on shells) 
more than one hundred larvae found at¬ 
tachment on the four-inch section of this 
wire (Pig 1) It IS impossible to guess 
the total number because many which had 
found lodgment at one time must have 
been destroyed without trace, leaving evi¬ 
dences only of the number mentioned. 
Of these, about twenty reached a shell 
diameter near one third of an inch, most 
of them being attached directly to the 
wire It may be supposed that ^ese had 
found lodgings on the wire soon after sub¬ 
mergence, four weeks before its removal. 

8 J. Paul VisDcher, loo, eti, 

» W. B. Coe, loo at 

10 W. B Coe and W, E Allen, BuU Serippi 
Inst, Oeeanog,, Tech. Ser, 4* 101-136, 1987. 





OUTTHEOAT COMPETITION IN THE SEA 


115 


But, a few were attached to shells of first 
settlers, which they resembled in size, 
doubtless because their superior positions 
not only enabled them to feed and breathe 
better but also because they reduced the 
supplies for tile older animal. However, 
the first comer may liave destroyed sev¬ 
eral of his fellows by expansion of his 
shell from pin-pomt size to beau size. 
Certainly, if several of the larvae of the 
first brood settled within one ninth of a 
square inch of the newly submerged sur¬ 
face all but himself were destroyed by 
the survivor, who may have been fav¬ 
ored by first attachment and oldest 
growth, by ability to build shell most 
rapidly, by ability to build most resis¬ 
tant shell, by superior success in getting 
food or by other conditions and circum¬ 
stances Whatever the points in its favor 
may have been, the fortunate one was 
able to destroy rival residents on the 
space occupied by it at the time of obser- 
^atlon Coe“ says that ‘‘only three or 
four barnacles can reach sexual maturity 
on any square inch of surface’* and “with 
200 to 800 young per square inch, even if 
regularly spaced, the mortality due to 
overcrowding must approximate 98 to 
99 per cent ” Conqietition for fixation 
space, therefore, appeal’s to justify fully 
the application of the term “cutthroat 
competition.” 

But, competition between barnacle kin 
is not restricted to strife for place and 
space Setting of one barnacle shell 
upon another has been mentioned in the 
preceding paragraph along with a sug¬ 
gestion as to interference with feeding 
and breathing. This suggestion deserves 
a little more attention Suffocation and 
starvation may be caused in at least two 
or three different ways. Doubtless this 
fate is forced upon neighbors most fre¬ 
quently in newly formed colonies by in¬ 
dividuals so fortunate as to get a lead in 
growth and development. Standing a 
little farther out from the surface than 
others, they get a choice of every kind 
Loc at 


of need^ substance available m the water, 
and this m turn enables them to grow 
out farther. Some even overlap less for¬ 
tunate individuals or join a large neigh¬ 
bor in bridging them over. Perhaps less 
frequent is the condition in which one or 
more newcomers attach themselves near 
to the peak of the resident shell of a 
large specimen or even on its outer mar¬ 
gin, sharing in the materials collected by 
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FIG 1 CROWDED BARNACLES 

ON FOCB INCHES OK INSULATED WIRE, EIGHTH 
INCH DIAMETER. SOME GAPS DUE TO SHELLS BEING 
DISLODGED SINCE DRVING REGAN 

the occupant’s activities until themselves 
large enough and strong enough to take 
nearly all as they extend their own shells 
across the mouth of the old one 

It should not be supposed that compe¬ 
tition among barnacle kin is always, or 
often, so evident or so prominent as 
might appear from foregoing illustra¬ 
tions It just happened that this wire was 
exposed at a tmie especially favorable for 
showing barnacle activities without much 
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FIG 2. SUPPORTING SHELLS 

NEXT TO LAST SHELL TO RIGHT ON WIRE SUPPORTS 
SERIES OF FOUR SIZES, THE SMALLEST SHELL 
LOOKING LIKE A PIN-HEAD EXCRESCENCE AT EX¬ 
TREME liEFT AT TOP 

evidence of other kinds of growth. Under 
ordinary natural conditions it is probable 
that rivalry of barnacle against barnacle 
might escape notice because of the promi¬ 
nence of competition of other kinds of 
organisms Even in the wire dwelling 
colony there was a considerable beginning 
of encroachment of other Innng things, 
the most prominent bemg worms of two 
kinds, one a serpulid building white, cal¬ 
careous tubes on surfaces of the barnacle 
shells, the other a dweller in sand-walled 
tubes fitted into angles and crevices 
around the bases of barnacle shells The 
latter kind usually offers little threat to 
barnacle prosperity, but the former 
always carries the possibility of serious 
interference with welfare of individual 
barnacles or even small colonies For one 
thing, these worms use some of the same 


kinds of materials needed by barnacles, 
but principally they endanger the latter 
by their capacity for multiplying so rap¬ 
idly at times that they may cover barnacle 
shell openings more or less and cause 
suffocation or starvation of the occupants 

In nine years of continuous observation 
of sedentary (“fouling’’) organisms in 
La Jolla Bay, Coe and Allen“ found 
serpulids conspicuous in only one Ordi¬ 
narily they might show large abundance 
at times, but not in a way to suggest in¬ 
tense competition among themselves or 
very great interference with lives of other 
creatures In August, 1935, Eupomatus 
gracilis afipeared in siiidi abundance on 
experimental equipment at the pier that 
they not only crowded out many other 
things but overlapped their tubes to such 
depths that many individuals in lower 
strata must have been killed At about 
the same tune they appeared in enormous 
numbers in San Diego Bay, choking with 
their tubes the condensers on certain ves¬ 
sels of the U S Navy (Coe and Allen^^) 
This record of high abundance of Eupo¬ 
matus IS interesting and important be¬ 
cause it illustrates the fact that popula¬ 
tions not usually significant (at least in 
appearance) may become so at some time 
or other, either because of biological 
periodicity or because of fortuitous com¬ 
binations of conditions favorable to tlieir 
multiplication and development From 
consideration of phenomena of this kind 
it seems noeessary to conclude that any 
living thing may become highly competi¬ 
tive against its own kind, qi: other kinds, 
whenever the right combinations occur, 
no matter how pi^aceable, insignificant 
and innocuous it may appear to be in 
ordinary routines of existence 

One of the small crustaceans observed 
in La Jolla and San Diego Bays offers a 
still more striking example of this phe¬ 
nomenon, inasmuch as it had been not 
even noticed on the experimental equip¬ 
ment until 1933, although recorded from 

i^Loc ett 
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detailed examinations. This little animal 
was the amphipod, Enchthoniiis IrazU- 
tensis, which occurred then in dense 
colonies living m mud tubes several layers 
deep. As observed before that time, the 
few specimens living in single tubes or 
scattered groups of a few tubes twined 
about the bases of algal, hydroidal and 
other small growths seemed entirely 
negligible in relation to the general wel¬ 
fare of the fixed populations In 1933 
they were noticed first m a colony having 
the form of a small island of mud in the 
middle of the surface of a glass plate 8x9 
inches square This mass stood out about 
a half inch from the plate, and it was 
riddled with the openings of the tubes, 
the walls not being readily distinguish¬ 
able Except for their short legs and lack 
of wings these animals were about as large 
as a mosquito They weie very lively, 
and they could move back and forth 
through the tubes with considerable 
speed Therefore, it is not likely that 
those inhabiting the deeper tubes were 
seriously hampered by those in the outer 
ones This seems the more probable be¬ 
cause enoinious colonies observed in San 
Diego Bay on the flat bottom of a barge 
inhabited a mass of mud more than twice 


as thick, and those m lower layers seemed 
to be just as vigorous as those m outer 
layers. 1933 was their ‘^big year^^ in 
La Jolla Bay (Coe and Allen’*) their 
volume on an experimental plate reaching 
the surprising peak of 85 per cent of all 
organisms on it in July.. In 1934 they 
were fewer, but large numbers were ob¬ 
served again in September and October, 
1935, at the end of the series of researches 
Their near monopoly of the experimental 
surface in 1933 suggests the possibility 
that they could suppress competition from 
other sedentary animals without develop¬ 
ing fatal rivalry among themselves 
However, it is difficult to believe that even 
if they reached this condition they could 
maintain it for long, the density of their 
population being entirely too great for 
proper sustenance over any considerable 
period of time in restricted space It is 
to be expected that, as in cases of land 
animals familiar to most of us, a period ot 
high prosperity due to abnormally good 
supply must result in w^holesale destruc¬ 
tion due to intensity of competition when 
supplies decrease to normal or less than 
normal 

In some respects Rryozoa aie the most 

14 Lor rtt 



FIG 3 THICK, BROAD GIRDLES OF MUSSEL COLONIES 

SHOWN ON riFR COLUMNS BKTWEEN TIDAL LIMITS 
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FIG 4. DETAILS OF EXTREME DENSITY 

SHOWN IN COMPETITION FOR PLACE AND SPACE OF MXT88EL AND ASSOCIATED POPULATIONS IN A PIFR 

COLUMN GIRPiiF 


interesting of the many kinds of competi¬ 
tors for space and place on experimental 
equipment The two species of Membra- 
nipora, in particular, are most astonishing 
because of then ability to win against 
almost an> of the larger, as well as against 
the smaller, sedeutaiy animals of the 
jiiter-tidal zone Many cases ha^e been 
noticed in whicli a colony has spread its 
thin calcareous ei ust over single barnacles 
or groups of barnai'les, forming a mantle 
through which the victims could not 
thrust their appendages or reach air and 
sustenance. Perhaps no phenomenon ob- 
seived among marine animals gives so 
strong an impression of inexorableness as 
does the sight of one of these deadly en¬ 
crustations spreading over prosperous 
masses of larger animals already resident 
When conditions are right for these 
bryozoans there are few of the shell-, 
building animals which can meet 
competition for place 

To any one who has seen the cement 
columns supporting the pier at the 
Scripps Institution of Oceanography lack 
of mention of the salt-water mussels 
would appear to leave this discussion in¬ 
complete At low tide even a stupid and 


iintiained observer would be impressed bj" 
the enormous girdle of mussel colonies 
around each column between tidal limits 
(P^jg 3) On those about a thousand feet 
from shoie all these girdles extend out 
nearly a foot from the cement surface at 
the densest part They are composed 
mainly of mussels of all sizes from a frac¬ 
tion of an inch to several inches in length, 
but they also include an amazingly huge 
number of barnacles, oysters, bryozoa, 
worms, hydroids, algae and other things 
(Fig 4) If one had the ability to ana¬ 
lyze the differing activities and the genius 
to trace the interrelationships of the 
whole assemblage of creatures he would 
probably find every aspect and eveiy 
degree of competition between kin and 
non-kin Lacking these (jualifications, he 
can still find interesting features easily 
aiSfcl quickly Most prominent is the evi¬ 
dence of competition of mussel against 
mussel 

No more than among barnacles do mus¬ 
sels respect the rights and interests of 
their neighbors (Fig 4) The fact that 
in most clusters the shells tend to point 
the same way might suggest that they fix 
themselves side by side m order to insure 
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least possible interference of one with 
another More probably, this tendency 
toward uniformity of position is due to 
orientation to obtain the best available 
supply of water-borne necessities Cer¬ 
tainly there are plenty of individuals 
which attach themselves on or about the 
shell of a nei{?libor in a position which 
cuts oflP most of a rejrular flow of water 
Only the turmoil of wa\es and breakei's 
pre\ents the condition from becomiu}? dis¬ 
astrous So fai as the pier is (‘oncenied, 
mussel jrrovdh is heaviest on most col¬ 
umns in a section midway between ordi- 
nkn hifrh-water and low-water maiks 
The most favorable zone seems to be about 
two 01 three feet in depth, not a very 
piomisin{>: outlook foi larv^ae libeiated by 
millions to seek lodjjmj^s in competition 
with eaeh othei as well as with those 
alieady in possession Nor does the stiess 
of competition seem to be apprecuably re¬ 
lieved by sueeess in attachment As soon 
as it takes up residence the yonuix mussel 
finds itselJ in the midst of a life-and-death 
striigpfle to obtain room to grow and to 
obtain food and air to sustain the grow¬ 
ing 

It IS well known to biologists that cut¬ 
throat competition among kin in nature 
IS not so completely (»vil as it seems at 
fii^it tiiought The one and only funda¬ 
mental objective of any and all species is 
self-perpetimtion Nature laicly toler¬ 
ates and never encourages develojiment 
of equilibrium in any kind of population 
lelationships Usually, there is distinct 
ebb and flow' in prosperity and adversity 
To this condition each sm*cessful species 
must adjust and adapt itself For ex¬ 
ample, when food is abundant and 
enemies few it aceeleiates its giovvth of 
population, largely by bringing to matur¬ 
ity great numbers of individuals of in- 
fei lor strength, hai’dihood and adaptabil¬ 
ity But the species, itself, has no 
automatic regulator to stop this expansion 
as a danger point is approached When 
the rate of population expansion exceeds 


the rate of supply of food, or when the 
rate of diminution of food supply exceeds 
the rate of adaptability of the population, 
selective starvation (weakest getting 
least) operates to take out those weakest 
or least hardy or least adaptable Thius 
the superior part of the population is 
enabled to survive, eiitthroat competition 
fav'onng the strong and able as against 
the weak and incompetent If the onset 
of extreme ad\ei*sity lesulted only in all 
iiidividiifils sharing alike, the population 
would deteiiorate, w^oiild be nniead.v lo 
take qni(*k advantage of the next peiiod 
of favoiing conditions, and the futuie of 
the species would be jeopardized 

If it were not for predatoiv and ])ara- 
sitic enemies cutthroat conqietition among 
kin would be more frequent and deadly 
than it IS Many' populations in nature 
are reduced to small numbers of hardy, 
resistant and capable individnals by epi¬ 
demic diseases, sometimes before intra- 
specific competition has reached the cut¬ 
throat stage The mussel colonies on the 
piei at the Scnpps Institution show an 
interesting example of the influence of a 
predatory' animal on development of 
iiitia-siiecies competition Large star¬ 
fishes aie always present on the colonies 
of the seaward snp])oitnig columns, and 
nearly' a 1 way's it is possible to see within 
cl foot 01 two on all sides of one a sinking 
array of emptv shells of mussels wdneh 
have been devoured Pm haps no other 
kind of example could be found which 
w'onld sliow moie convincingly the in¬ 
fluence ot a predator in lemoving repre¬ 
sentatives of a species from deadly com¬ 
petition with their fellows 

Horrifv'ing as it may' apjiear to some of 
us, cutthroat competition is y et one of the 
most important and common of natural 
phenomena TJiere exists no way to esti¬ 
mate the value ot its influtMice, but it must 
be profound Apparently, some popula¬ 
tions are regulated by' it almost entirely, 
although one might have difficulty in 
proving it for any particular species 
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Conservation has had many mean- 
mj?8. Theodore Roosevelt gave it body 
and substance through National Forests, 
Taft through oil, Wilson through Na¬ 
tional Parks Not so long ago it was 
called a boon to politicians,’’ ‘^some¬ 
thing the public has always approved of” 
and “the chosen sjnoinm of everything 
the New Deal is doing ” 

These are oveiNtatements, but there 
have been bases for them Early public- 
domain and natural-resource scandals 
involved people of high and low degree 
Conservation was one of Theodore Roose¬ 
velt’s “big sticks ” Fianklin Roosevelt 
plays its diapason through a program 
that includes the Agricultural Adjust- 
nienl Administration, Soil Conservation 
Service, Domestic Allotment Act, Taylor 
Grazing Act, Tennessee Valley Antlior- 
ity, Civilian Conservation Corps, Youth 
Movement, Farm Secuiity Administra¬ 
tion and the Social Security Act 

In one way or another all these have 
to do with conservation So the term is 
now pretty broad Yet the fiist resource 
it was applied to was the forest, and it 
IS in connection with forests that most 
people think of it To some of them con¬ 
servation still means preservation “Cut 
not a single tree” is their idea, and they 
advocate using substitutes in place of 
WH)od Others look at forest conservation 
as a huge job of reforestation, of plant¬ 
ing billions of trees on millions of devas¬ 
tated acres By larger numbers it is 
thought of as the physical task of assur¬ 
ing an adequate supply of forest prod¬ 
ucts 

But there is now a deepening concern 
in its social implications and responsibili¬ 


ties This IS as it should be, for as a 
public policy forest •conservation’s major 
purpose IS to add to human welfare And 
this purpose applies to all resources of 
forest lands and all the many services 
and functions they perform 

Water from forested slopes is one of 
those resources In the West it is the 
life blood of irrigated crops that enter 
world-wide as well as national and local 
markets Power from water is the back¬ 
bone of industries that employ hundreds 
of thousands of people More than 400 
cities and towTis depend on domestic 
w^atei from National Forests alone Just 
before the 1936 flood on one of the tnbu- 
taries of the Susquehanna River, nine 
tenths of the tain falling on a potato 
field was lost as run-off This water car¬ 
ried with it nioic than 1,000 pounds of 
soil from every plowed acre But a 
neighboiing forested area lost only one 
half of one per cent of the piecipitation, 
and no soil Forest cover can not prevent 
all floods or hold all silt at its source, 
but this illiistiation—chosen at random 
from recoids of the 12 Forest Experi¬ 
ment Stations through which research 
activities of the Forest Service are 
directed—indicates how forest soils help 
lessen damage by floods and erosion 
Forage is also a forost-land resource 
In certain Montana counties with which 
the winter is familiar a 55-million tlollar 
investment and the livelihood of more 
than 5,000 people depend largely on use 
by domestic stock of grass, weeds and 
browse in local National Forests. Big 
game populations, receding alarmingly 
with human settlement, reached an all- 
time low about the beginning of the 
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A BARREN 200 SQUARE MILES IN CHIHLI PROVINCE, CHINA 

A (.FNTl^RY AOO THK8I' HILLS WERE HEAVILY WOODED, YIELDING RICH REVENUJ8 FROM FORFST 

PRODUCTS 


present century But in the National 
Forests as a whole they have increased 
150 per cent since 1924 More than 
1,750,000 hifir }»:Hnie anitnals now depend 
in suniniei on forage these public proper¬ 
ties piovide 

Wildlife IS therefore a resource in its 
own iiprht So is recreation, for forest 
lands offer priceless spiritual and cul¬ 
tural values to people wiio, under stresses 
of modern life, need es(*ape now and then 
to a more primitive world geared to a 
slower speed And forests themselves 
provide building materials and fuel 
Wood yields such things as alcohols and 
rayons, naval stores and newsprint, per¬ 
fumes and plastics Farm woodlands 
provide forest products that 

are valued at more than Iw millions of 
dollars Thirteen million people are 
supported by A\orkers employed in pri¬ 
mary forest industries, in gi*owing for¬ 
ests, in selling and transporting foresi: 
products and as wood-working artisans 


With such values and services at stake 
it seems pertinent to review what has 
happened to onr forest lands and what 
IS Impponing to them now, and to indi¬ 
cate what part many foresters think foi- 
est lands and their resources may play in 
bringing added security to the nation, 
and how they may do it 

America has had a wonderful youth 
Her growth has been remarkable Her 
own population, and foreign demand for 
her goods and products, have challenged 
production by labor, by industry and by 
agriculture Boldly meeting that chal¬ 
lenge, a self-reliant people has established 
new industries and conquered new fron¬ 
tiers, settled new' lands, tapped new sup¬ 
plies of natural resources, and—drained 
them The forest was one of those re¬ 
sources 

Ever since Colonial days, when they 
covered 820 million acres iii wliat, exclu¬ 
sive of Alaska, is now the continental 
United States, forests have provided food 
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and clothing and shelter Larders of 
Pilgrim Fathers were stocked with veni¬ 
son and wild turkeys Coonskm caps 
and fringed buckskin protected scouts 
and trappers. Trees helped make log 
cabins and cradles, towns, telephone lines 
and transcontinental railroads Forests 
were vital to the winning of the West 
and the building of a new nation Few 
people thought, in early da^'^s, of conserv¬ 
ing a resource that then seemed limitless 
Conditions now have changed As a 
country we are emerging from our >oiith 
Two hundred years ago people produced 
slowly, on a small scale, with simple tools 
operated by hand Now seicn<*e gives us 
complicated machines, and the) tend to 
displace human laboi Two men and a 
mechanical ditch-digger accomplish wdiat 
44 men with shovels once did To make 
—and fold—a four-page newspaper used 
to call for 250 hours of human hibor 
Thirty .veal’s later it required only one 
hour, thirty-nine minutes and thirtv-six 
seconds A single mechanical cotton 
picker can now do the work of GO to 80 
field hands 


By generally accepted standards these 
things represent progress Yet estimates 
indicate that forest dram exceeded forest 
growth by about 2 to 1 in all sizes, and 
by about 5 to 1 m saw timber sizes, dur¬ 
ing the period if)25 to 1929, inclusive 
And although we still have 630 million 
acres of forest land, only 462 million 
acres are capable of growing commercial 
forests of this only 215 million acres 
now bear trees large enough for saw 
timber 

These latter figures are based on a na¬ 
tion-wide forest inventory Undei taken 
b.v the Federal Forest Service, its purpose 
IS to find out what forests we liave and 
wdiere they are, how much forest deple¬ 
tion there is, and how and W'here it takes 
place, wdiat w^e need in the way of forest 
products, how much foiest grow^th we 
have, and how much we can expect under 
real piotection and manageirient This 
inventorv, though not .Net complete, is far 
enough along to indicate that 

(1) Although generations hence a few 
hundreds of thousands of our 630 million 
acres of forest land may be needed for 
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EXPLOITED, IT WAS GUTTED HY FIRE IN 1932 


some other purpose, with minor excep¬ 
tions most of it IS and probably always 
wiH be most valuable in forest f^rowth 

(2) Prom the standpoint of producing 
lumber, ties, poles, firewood—and news¬ 
print, plastics, distillates, rayons and 
thousands of other things derived from 
wood—l(i8 millions of these acres are 
‘‘out Kept in forest growth they help 
save many farms and cities from erosion 
and floods, safeguard and help regulate 
water, provide food and shelter for big 
game, and opportunities for millions of 
people to enjoy simple recreation But 
because of factors like poor soil and inac¬ 
cessibility these 168 milUvRS acres do 
not now and probably ne^er will produce 
comm«*cially 'worth-while forest prod¬ 
ucts. 

(3) Of the 462 million acres on which 
we should be able to count for forest 
products for human use, 73 million acres 
have already been so badly cut and 


slashed and burned that they are now 
virtuallv non-productive Another 174 
million acres now bear trees too small 
for saw timbei, and in general are not 
heavily enough stocked to produce what 
they can and should The balance, 215 
million acres, does have trees of saw 
timber sizes This area includes our 
icmaining virgin foiests But annual 
dram of saw timbei siiecics and sizes 
commonly used continues greater than 
the annual growth of those sizes and 
species 

This doesn’t seem particularly reassur¬ 
ing There are conditions that make it 
less so. The best three fourtlis of all com¬ 
mercial forest land is in private owner¬ 
ship, and most opeiations on these lands 
are still geared to practices that threaten 
the existence—or the stability—of com¬ 
munity after community 

This is not true of all these operations. 
In northern Mississippi and southern 
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able species and grades^ and is often 
insufficient to meet local needs. Under 
these conditions many regions and locali¬ 
ties now use less than they really need, 
import little because (with hauls so long 
that transportation sometimes doubles 
the price) many forest products are 
luxuries to people who have most of the 
buying power 

The forest inventpry indicates, how¬ 
ever, certain mitigating conditions The 
73 million acres previously mentioned 
are still capable of producing commei- 
cially valuable forests Annual growth 
can be speeded up on the 174 million 
acres that now bear trees too small for 
saw timber And both this area and the 
215 million acres that still have sau- 
timbcr trees are capable of producing 
much more than they now do 

These and related facts seem to war¬ 
rant the belief that unless abuse and 
neglect continue we probably have enough 



VIRGIN TINtBER IN THE COEUR D’ALENE NATIONAL FOREST, IDAHO 


Arkansas, for example, the writer has 
seen some of which any one might well 
be proud Instead of being mined, these 
forests are cropped and renewed, and in 
this process forest growth is increased 
But although credit is due these leaders 
they are—^with or without their knowl¬ 
edge and consent—being used as a smoke 
screen by that big majority of operators 
and owners that .still clings to quick liqui¬ 
dation to that old cut-out-and-got-out 
practice tliat has been responsible for 
ghost towns—^and human misery—from 
the Catskills to the Cascades and from 
Canada to Mexico 

This is the practice that in large mea¬ 
sure has also been responsible for short¬ 
ages of valuable species and grades once 
produced in abundance in many local it i(*s 
and regions Many of these regions and 
localities still have foiests of a kind, and 
still produce forest prodmds But out¬ 
put IS in large part confined to less dosir- 
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WHITE BIKCHE8 IN NOKTIIKRN MINNE- 
SOTA 


forest land, that with care and fore¬ 
thought—^with a forest policy and action 
programs geared to current conditions 
and future needs—there need be no ex¬ 
cuse for a timber shortage of national 
proportions They also indicate a way 
out for hundreds of thousands of families 
suffering now for lack of woik For for¬ 
est restoration and improvement of forest 
stands could pro\ide work for these 
people And the one could make idle 
lands productive again, the other could 
increase growth, and the proportion of 
the more \aluable species in the stand 
The two, through forest w’ork, could 
create new wealth 

The extent to whicli this might be doiu* 
IS hinted at by certain investigations con¬ 
ducted in loblolly pine (Ptnus iaeda) in 
Arkansas Briefly, Mr Henry Bull, sil¬ 
viculturist at the Southern Forest Ex- 
periiuent Station, has determined that 
with the current aveiagc degree of undei- 
stoeking, an acie of loblolly pine in 
Arkansas will piodiice 4 5 times as much 
cellulose per acre as the average acre of 
cotton does, that if tullv stocked aiul 
fullv producing, the average a(*re of lob¬ 
lolly June in Arkansas will jiroduce 11 
tunes as much cellulose per acre as is pro¬ 
duced on the average acre of cotton 

The part forests have jjlayed in our 
national income and the jiart they can 
be exjiected to play" m futiiie income also 
indicates the extent to winch more and 
bettei fon*sts might create new wealth 

Figured as the money equivalent of 
goods produced and services rendered, 
the total national income w^as ajiproxi- 
matel,y 80 billions of dollars in 1929 
Disregarding certain intangible benefits 
from forests, but including cash values 
for wood products, for w'ater conseiwation 
and for wildlife and livestock production, 
about 3 billions of our 1929 national 
income can be credited to forest lands 

Contributions forest lands can make 
after rehabilitation and development 
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have become effective must be evaluated 
on the basis of certain assumptions that 
as time goes on will be subject to many 
influences and interpretations Such an 
evaluation, though it can not be made too 
closely, points to significant probabilities 
One is that the national income from 
forest lands and forest products may be 
increased by some 2 4 billions of dollars 
a year A second the work of restora¬ 
tion and rehabilitation can be accom¬ 
plished within two dwades A third 
this work can be accomplished by an 
annual investment (siuivalent to less than 

per cent of our yearly retail sales of 
automobiles and accessories A fourth 
applied to rural populations m need of 
jiart-time jobs, this investment could pro¬ 
vide 20 years of constiuctive work for 
people who, with their dependents, rep¬ 
resent ],(K)0,000 people 

Still another probability is that, al¬ 
though conditions and opportunities for 
early returns vary as between regions 
and localities, once forest lands are re¬ 
stored and improved they can—within 
areas from which much of our future 
]) 0 ])Illation W'lll come—assure more stable 
and better standards of living by pro- 
Mding conimnons forest ciops But this 
objective depends, as does insurance 
against a timber shoitage of national 
proportions, on adopting and conforming 
to a more adequate forest policy and 
more adequate action progiams than 
those w’e now have 

An adequate forest policy for the 
nation must lecogmze, according to Dr 
F A Silcox ^ 

(a) That our 630 million acies of for¬ 
est land are and probably alwajs will be 
more valuable in forest growth than for 
plow land or any other purpose 

(b) That this area must be adequately 
protected against damage or destruction 
by fire, msects, diseases and quick liqui¬ 
dation, and that on it adequate forest and 

1 Report of the Chief of the Forest Service, 
1938 


other cover must where necessary be 
restored and maintained 

(c) That, in addition, growing stock 
and productivity must be built up and 
maintained on the 462 million acres of 
commercial forest land 

(d) That protection must be assimed 
to private owners who comply with the 
nation’s forest policy, and to those public 
interests that are inherent in all forest 
lands no matter who owns them 



PLANTING PONDEROSA PINE SEED- 
LINGS 

IN eOLOKADO TO GROW COMMERCIAL TIMBER 
AGAIN FOUR AND ONE HALF MILLION ACRFB NEED 
RFFORESTING IN NATIONAL FORFSTS ALONE 

(e) That research is basic to full and 
continuous use of all products and values 
and services that forest lands and their 
resources can render localIv, nationally 
and through world-wide nuukets 

(/) That since the forest resource is 
inextricably bound np with use of land 
for other crops, forest lands and their 
resources should be managed as integral 
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PROVIDES IMMEDIATE REVENUE, BUT LEAVES MANY TREES EOR riTTURK CROPS D(ERLODOE NATIONAL 
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parts of a unified agnoultiiral pattern 
contributing to local and national struc¬ 
tures and to social as well as economic 
ones 

President Roosevelt has suggested the 
need for an action program for forest 
lands His suggestions* include (1) pub¬ 
lic cooperation with private owners, (2) 
public regulation of cutting practices on 
privately owned forest land, (3) exten¬ 
sion of public ownership and manage¬ 
ment 

Public cooperation is essential because 
although private owners must m the pub¬ 
lic welfare conform to the forest policy 
for the nation, the public—through State 
and Federal Governments—^must also 
recognize and redeem its responsibilities 
and obligations 

Forest fires illustrate some of these 
public obligations and responsibilities 

2 Document No 539, dated March 14, 1938, 
addressed to the 75th Congress, 3d Session. 


For although lightning sets forest fires, 
most of them are man-caused Witness 
the 1937 record Lightning, 31,000 
human beings, 170,000 Most of the lat¬ 
ter were the result of carelessness by 
campeiN, huntera and fishermen, but on 
the National Forests nearly one fourth 
were of incendiary origin 

Since it should be possible to eliminate 
most man-caused fires, the first step in 
forest fire protection is prevention This 
IS a field within which the Advisory 
Council on Human Relationships, re¬ 
cently created by the American Associa¬ 
tion for the Ad\aiiceinent of Science, 
will, it is hoped, offer expert advice and 
assistance 

Forest fire protection also requires 
lookouts to detect forest fires, telephone 
lines and radio to report them, roads, 
trails, landing fields, tools and supplies, 
so crews can be equipped, get to and 
suppress fires without delay In all this, 




BIO SAND BAKE IN THE LOLA NATIONAL FOREST, MONTANA 

THFRF ARE THIRTY NATIONAL FOREST PRIMITIVE AREAS WITHOUT ROADS, HOT DOG STANDS, ETC , 
THEY EMBRACE MORE THAN SEVENTEEN MIU.ION ACRES 


federal and state cooperation with pn- or publicly sponsored credits (like those 
vatc ownei*s lias bron{ 2 :ht real progress in administered by the Farm Credit and 
the last 12 yeai’s The area of state and Federal Housing Administration) should 
private land under organized protection —if extended to owners who comply with 
increased to almost 202,000,000 acres, and the nation's forest policy—^help protect 
the area bunied decreased by more than public interests and aid industry So 
1,600,000 acres But nearly 70 per cent might revision or modifi(*ation of the 
of the 1987 fires and 95 per cent of the present system of timber-land taxation, 
area burned were on more than 182,000,- for it also tends toward quick liquidation 
000 acres that—for lack of adequate fed- practices 

eral, state and prnate funds—are still Most forest and allied research in the 
outside organized fire protection districts United States centers in and forma a 
The forest inventory—on which nidus- major responsibility of the Forest Ser- 
try as well as federal, state and local vice Its object is to develop technical 
governments are drawing—is not yet and economic bases essential for the intel- 
completed, and there is also need for ligent use of forest land and its resources 
extension of public cooperation with re- in private as well as public ownership 
spect to such things as forest credits, This requires a wide range of information 
taxation of forest lands and I'csearch about hundreds of tree species occuriing 

Private credits to forest industries in an infinite variety of combinations and 
have m the past tended to force quick tyiie conditions, of gi*owing conditions in 
liquidation of the basic resource Public climate that \Hries from tropical to arctic 
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PULPWOOD THINNINGS IN 37 YKAR-OIil) SHOBTLEAP AND EOBLOLIiY PINE 

IN ARKANSAS. KiailT CORDS PER ACRE HAVE BEEN REMOVED, LEAVINO 20 CORDS OROWtNO FOR MORE 

VALUABLE POLES, PILING, SAWLOOh 





TENNESSEE LAND ONCE WELL FORESTED 

KR0810N, FOLLOWING KILLING OF VEGETATIVE COVER BY COPPER SMKLTFE FUMES, HAS ALSO EX¬ 
TENDED INTO THE GRASS ZONE 
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and from rauibelt to desert; of many soils 
and many exposures; and of science in 
relation to social problems 

Research has contributed extensively to 
proprress in forest conservation, but there 
IS still a large gap between what is known, 
what needs to be kno\ivm and how it should 
be applied if one third of the land area 
of the United States is to contribute its 
fair share of raw materials, supply profit¬ 
able and useful employment for thou¬ 
sands of workers in woods, mills and 
allied industries using wood, and play 
the role it should in regulating stream- 
flow and controlling floods. 

Private ownership is part and parcel 
of democracy as we know it, but forest 
lands have values and (contribute services 
that are far greater to 130 millions of 
p(‘ople than they are to the few thousands 
who now own most of the best of them 
Private initiative and public cooperation 
have brought worth-while advances in 
forest conservation, but (exploitation is 
still the rule rather than the exception 
among operations on privately owned 
forest lands in the United States And 
human exploitation still follows forest 
exploitation just as surely as night fol¬ 
lows day 

If public ownership is not acceptable 
as an alternative, these conditions point 
to some form of regulation of cutting 
practices And since neither in the 
United States nor in any other country 
has purely voluntary action succeeded in 
applying sustained >ield management to 
forest lands generally, public regulation 
seems indicated 

3 According to The Niii York Tirntn for Feb 
luary 23, 1939, Goorg(» IT Gibson of tlie Mosineo 
Pupor Mills Company, speaking at a rwcnt meet¬ 
ing of tho National Paper Trade Association, 
said ** There is no reforestation worthy of the 
name being practiced in this whole wide country 
of ours There wall be none,he added, “until 
a ternfle public opinion demands fiom this gov 
ernment that they take over and limit the cut¬ 
ting of tho woods of the country not to exciH'd 
thoir annual grow^th “ 


Dr. Silcox warns, however, tliat to safe¬ 
guard our democratic pattern such public 
regulation “must come as a result of 
standards openly arrived at These 
standards,’^ he says,* “must reflect local 
needs and conditions. They must be 
flexible and fair They must protect both 
local and nation-wide values and ser¬ 
vices, conserve broad public interests, 
safeguard those of dependent communi¬ 
ties and private owners, provide for 
decentralized and understanding applica¬ 
tion , make court aidion unnecessary, 
except as a last resort, by assunng the 
right to arbitration and appeal 

Private ownership of forest lands ante¬ 
dates the Revolution, but public owner¬ 
ship and management are now established 
policies They already apply to com¬ 
munity forests, state forests and National 
Forests 

Community forests—there are about 
1,500 of them ui 20 or more states, with a 
total area in exists of 3 million acres— 
protect water supplies, provide oppor¬ 
tunities for inspiration and inexpensive 
outdoor recreation, impiove hunting and 
fishing, and grow timber for municipal 
and other uses Demonstrating that, 
managed on a cropping basis, the forast 
can be ased for all these things, most of 
them illustrate essential differences be¬ 
tween forests and parks They also 
afford local opportunities for replacing a 
public dole by worth-while work that 
increases the services and values derived 
by the publu* from these public proper¬ 
ties 

Like community forests, organized 
state forests are generally managed on a 
multiple-use basis They are, in this 
respect, distinct from state parks. Most 
of the 800 organized state forests in 41 
states—^Avith nearly 11 million acres of 
state-ow^ned land—are not quite so near 
large centers of population, but many 
Federal Plan for Foiest Regulation 
watliin the Democratic Pattern “ 
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KENTtrCKY LAND PLANTED TO YELLOW POPLAR TWO DECADES AOO 

ONCK IDLK AND UNFIT TO PLOW, IT NOW PRODl’CKs NKW WKALTH 


states plan to have thorn so well ami 
widely distributed that the public will 
ultimately have ready access to them 
National Forests are located on the 
flanks of the Appalachians from New 
Hampshire to Georgia, around the Great 
Lakes and headwaters of rivei*s like the 
Mississippi and Missouri, on the Great 
Smokies, in southern pineries and—^lie- 
twee n Canada and Mexico—on the slojres 
of the Rocky, the Cascade, the Sierra 
Nevada and the Coast Ranges They 
include nearly 17() million acres of fed¬ 
erally owned land Established irres]iec- 
tive of state boundaries, these public 
properties are distinct from National 
Parks in that they are administered on 
a multiple-use basis, with use as well as 
renewal of all their resources and values 
The national-forest system is interstate 
It offers striking contrasts between civili¬ 
zation and wilderness, industrial activi¬ 
ties and pastoral, material valuer and 
spiritual ones More than 1,280 million 


feet of timber was liarvested from it, 
under provisions that assure continuity 
of the forest stand, in 1938 It already 
provides a liMug for almost a million 
people, but it also pi ovules recieation 
for 30 million each year It is home and 
refuge for most of our remaining big 
game, but also furnishes torage for more 
than 6,857,000 domestic live stock, and 
helps prevent floods and erosion It in¬ 
cludes some 70,000 miles of fishing 
streams and moie than 3,500 developed 
public campgrounds, yet it provides 
domestic water for 6 million city people 
And although they have 30 primitive 
areas embracing 17,000,000 acres, the 
National Forests also have a public trans¬ 
portation system that includes more than 
138,000 miles of highways and roads and 
153,000 miles of tiails 
The extent to which, with due regard 
to private ownership and initiative, com¬ 
munity, state and federal ownership and 
management of forest lands might ulti- 
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mately be increased was placed before 
Congress, at its request, in 1920 and 1933 
In 1934 this problem was analyzed by the 
National Resources Board, which sug¬ 
gested a long-time program involving 
some 190 million acres Field examina¬ 
tions by the Forest Service m 1937 sug¬ 
gest that community and state ownership 
and management might be extended to 
48 million acres, and that federal owner¬ 
ship and management might be extended 
to 59 million acres Of the latter, 40 mil¬ 
lion are private land within boundaries 
of existing National Forests, 19 million 
acres, outside those boundaries, are vital 
to problems interstate in character and 
scope 

Federal owiieishi|)—existing as well as 
proposed—poses the question of compen¬ 
sation to states and <*ounties for loss of 
tax revenue The Federal Government 
has as yet no consistent policy with re¬ 
spect to this problem No compensation 


IS made for millions of acres, yet for the 
National Forests 25 per cent of the gross 
receipts are returned to states and coun¬ 
ties Based solely on current income, this 
provides little if any immediate returns 
from lands that, lieavil> cut by private 
owners, have been or may be purchased 
by the Federal Government. Fortu¬ 
nately there is lecognition that this 
situation IS unsatisfactory, and Sonatoi 
Harrison, of Mississippi, has introduced 
legislation to remedy it 

Civilizations the world over are depen¬ 
dent on land and water If nations are to 
be permanently prosperous and secure, 
these basic resources, and the living ones 
from wdiich they spring, must be used 
wisely and well Forests are one of these 
resources It has been said that the chief 
causes of the decline of certain early 
civilizations w^ere deforestation and de¬ 
nudation of hillside soil rather than 
changes of climate oi attacks by bar- 



FTELD AND FOREST IN WEST VIRGINIA 

THIS VIEW or NORTHFORK VALLEY, MONOKOAHELA NATIONAL FOREST, ILLCSTRATKS CLOSE RELATION 
SHIPS BETWEEN FOREST AND PLOWLAND CROPS. 
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banaiiH Whether or not this be true, it 
IS known that the north coasts of Africa 
and Palestine ^^eve once well forested, but 
forests and civilizations there are at a low 
ebb now It is also known that China 
once had great forest wealth, but that 
to-day it is almost treeless and its people 
are forced to use dung for fuel 

^‘Out of the forest came the might of 
America, wealth, and power, and men 
There is truth in this statement by Jenks 
Cameron, but out of those same forests 
have in large part come our distressed 
rural regions With minor exceptions 
these include 1,800 counties, half of all 
our farms, millions of acres of tax-delin¬ 
quent land Index of average farm in¬ 
come IS under 80 compared with 90 to 
120 for typical corn belt counties Living 
standards are low, educational facilities 
meager There are 700 to 1,000 children 
under 5 years old for every 1,000 women 

‘ Development of Go^ ernmental Forest Con 
trol in the United States ** Published hj the 
Johns Hopkins Press, 1928 


of child-bearing age Undernourishment 
and pellagra are common 

But 60 odd per cent of the land in 
these distressed regions is more valuable 
in forest growth than it is as plow land 
These lands once grew forests They 
have been abused, but forests can be re¬ 
stored on them Cropped instead of 
mined, new forest wealth can provide 
better standards of living for hundreds 
of thousands of families now in sore dis¬ 
tress; and add to national security 
Wliat has happened to our forest lands 
and what is happening to them now indi¬ 
cate that it may be no light task for a 
nation to stop forest and human exploita¬ 
tion, and to provide affirmatively for 
forest and human rehabilitation Yet 
what has been done on the National For¬ 
ests, and what is now being done on their 
own lands by leaders in forest industries, 
indicate that the job aan be done And 
the values at stake seem to make it a 
worth-while one 



THE BENLD METEORITE 


By Dr. H. W NICHOLS 

CHIKr CURATOR OF QEOMGY. FIEIJ) MUSEUM OF NATURAL HISTORY 


The meteorite which foil at Benld, Ma¬ 
coupin County, Illinois, on September 29 
of last year is of unusual interest, as it is 
one of the few—^there arc only eleven 
of them—which are certainly known to 
have struck and damaged property At 
nine o'clock in the morning: this meteorite 
crashed througrh the roof of a garage 
owned by Ed McCain and, after pene¬ 
trating the roof of his Pontiac coupe, 
passed through the seat cushion and after 
striking and denting the muffler, re¬ 
bounded and came to rest tangled in thv** 
springs of the seat cushion Two members 
of the Joliet Astronomical Society, Ben 
Hur Wilson and Frank M Preueil, se- 
(Mired the meteorite for Field Museum of 
Natural History in Chicago The mete¬ 
orite, accompanied by the damaged parts 
of the car and roof, is now a part of 
Field Museum's important meteorite col¬ 
lection 

As reports of finds or falls of mete¬ 
orites are almost invariably either with¬ 
out foundation or otherwise erroneous, 
Wilson and Preucil were naturally skep¬ 
tical of the first reports Nevertheless, 
they entered into correspondence with Mr 
McCain and others in Benld which soon 
convinced them that the report might 
possibly be correct They were unable to 
visit Benld until October 29, more than a 
month after the fall, but found that Mr 
McCain had carefully preserved the mete¬ 
orite and kept undisturbed the damaged 
car and garage At Benld they made un¬ 
usually complete and competent notes and 
took numerous photographs Their obser¬ 
vations have been published m full in 
Popular Astronomy ^ 

1 Ben Hur Wilson, Popular Astionomy, 46 
548, 1939. 


No one actually saw the meteorite^ fall, 
but the time was determined by the loud 
roar it made, which startled Mrs McCain 
and a neighbor and was heard less dis¬ 
tinctly by several others The neighbor, 
Mrs Carl C Crumb, was in her back yard 
barely fifty feet from the garage She 
was startled by a great roar like that of a 
plane in a power dive This roar, Avhich 
lasted only an instant, was followed by a 
sharp cracking sound like the breaking of 
boards Sh(» rushed into the alley ex¬ 
pecting to find the roof or side of her barn 
crushed by a fallen plane, but found no 
damage nor was there any plane in sight 
She places the time between 9 00 and 
9 10 o'clock in the morning Mrs Mc¬ 
Cain, 111 her yard but not as near the ga¬ 
rage as was Mrs Crumb, also heard the 
roai but paid little attention, as she took 
it to be the sound of a passing plane No 
fumes, smoke or odor was detected by Mrs 
Crumb, but another neighbor, Mrs Lindy 
Brown, said she plainly detected an odor 
of sulfur (ozonef) 

The fall of a meteorite is frequently ac¬ 
companied by loud detonations, due to 
the meteorite bursting in the air No 
detonation was heard by Mrs Crumb or 
Mrs McCain and, as such explosions are 
very loud, if the meteorite burst m the 
lower part of its path the sound would 
certainly have been heard 

The damage was not discovered until 
late, m the afternoon, when Mr McCain 
entered the garage to get his car The 
roof penetrated was of pine board with a 
“tar paper" cover The meteorite broke 
a hole, clean on the outside but splintered 
on the inside The hole is reidangular, 
about 4 by 5 inches in size It is slightly 
too small for the meteorite to pass 
85 
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through, indicating that the board bent 
under the impact The stone made a clean 
hole through the roof of the car The 
hole through the seat is ragged, owing to 
the nature of the material The dent on 
the muffler is only an inch deep, indicat¬ 
ing that the stone had lost most of its 
energy before it reached the muffler. 
Where the stone came to rest after re¬ 
bounding into the seat it was so entangled 
in the springs that they had 1o be cut be¬ 
fore the meteorite could be removed Ex¬ 
amination of the cotton filling of the seat 
where it w^as in contact with the stone 
shows not the slightest indication of char¬ 
ring This proves that the meteorite 
could not have been hot when it fell This 
was to be expected, for those meteorites 
which have been picked up immediately 
after their fall have been only lukewarm 
It IS unusual to find one too hot to hold 
comfortably in the hand 
As two points in the path of the stone 
were known, the point where it pene¬ 
trated the roof and the point where it 
penetrated the seat cushion, Wilson and 
Preucil were able, by the use of a survey¬ 
ing instrument, to determine with pre¬ 


cision the azimuth and inclination of its 
path at the end of its travel This is the 
first time such an accurate measurement 
has been possible for any meteorite 
When the meteorite struck it was moving 
m a course 64^ 26' east of north in a 
path inclined 77° 31' to the horizontal 

The meteorite is a roughly rectangular 
block 41 inches long, 3i inches wide and 
3^ inches thick It weighs 1,770 grams, 
or about four pounds It is a stony 
meteorite or aerolite To which of the 
numerous sub-classes of aerolites it be¬ 
longs has not yet been determined, but it 
will probably be classed as a veined gray 
chondrite It is light gray in the interior 
with a porous granular texture and is 
covered with a thin black fused crust 
developed by friction during its passage 
through the air 

An account of the changes undergone 
by this meteorite during the few seconds 
of its passage through the air may be of 
interest No one knows where or how 
meteorites originate The older theories, 
such as that they come from volcanoes, the 
moon or sun, have long been discredited 
A more recent theory that they are frag¬ 
ments of comets seemed for a time suf¬ 
ficient This IS the origin that seems most 
probable for the periodic swarms of shoot¬ 
ing stars and for many ot the other shoot¬ 
ing stars which are meteoritic particles 
too small to pass through the atmosphere 
without being consumed, but there are 
reasons to believe that some other origin 
must be sought for the aggregations of 
meteoritic material which are large 
enough to reach the ground without be¬ 
ing utterly consumed There are indica¬ 
tions that meteorites are fragments from 
larger bodies, but theories of their origin 
remain highly speculative Some have 
orbits entirely within the solar system, 
others are visitors from outer space If 
some one at a distance from Benld saw 
the meteorite as a passing meteor and 
noted its position and the direction of its 
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flight it may be possible to determine its 
orbit This has been done for a few other 
meteorites 

Before the meteorite reached the air 
it was a gray body of unknown shape 
without the dark crust it now has It was 
much larger, for during its passage 
through the air it lost the greater part of 
its weight Wastage from friction during 
its passage through the air is so great that 
the Italian astronomer, Schiaparelli, com¬ 
puted that a stone meteorite, such as this, 
must have a diameter of at least eight feet 
if any portion of it is to reach the surface 
of the earth 

The velocity of its approach was enor¬ 
mously greater than its speed when it 
struck the garage Meteorites striking 
during the morning hours collide with the 
earth head on so that the velocity rela¬ 
tive to the earth is the sum of the veloc¬ 


ities of earth and meteorite in their orbits. 
This velocity is of the order of forty-four 
miles per second If the Benld meteorite 
had retained this speed until it struck, the 
consequences would have been disastrous, 
for even if it had only its final weight of 
four pounds it would have struck a blow 
in excess of 2,000,000 foot tons Even 
the extremely rarefied upper atmosphere 
opposes so great a resistance to the passage 
of a body moving at such an enormous 
speed that its speed is rapidly moderated, 
and while it is still several miles above 
the surface its velocity has been reduced 
to that of a similar body falling under the 
influence of gravity alone This is the 
speed at which th(» acceleration of gravity 
IS balanced by the resistance of the air 
In the case of the Benld meteorite it was 
probably between 400 and 500 feet a sec¬ 
ond Most of its lost enersrv of motion 
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DIAGRAM OF METKORITE PATH 

was converted into heat by friction be¬ 
tween the surface of the rapidly moving 
meteorite and the air The surface be¬ 
came incandescent, melted and in part 
vaporized The rush of the meteorite 
through the air washed away the heated 
surface as fast as it softened or melted, 
bringing more of the meteorite to the sur¬ 
face to be in turn heated and washed 
away to trail behind as a luminous tram 
Only a thin coating of the melted material 
remains to cover the meteorite with a dark 
crust 

As a meteorite first appears high in the 
air as a glowing meteor, there appears to 
be a general belief that a meteorite must 
be intensely hot when it strikes But the 



DAMAGE BY METEORITE 

MAY BK REPRESENTED BY THIS OLD WOODCUT 


friction-heated surface is washed away as 
fast as it forms, the body of the meteorite 
IS intensely cold and there are only a few 
seconds available for heat to penetrate 
to the interior During the last few miles 
of its descent its velocity has been so re¬ 
duced that the friction developed is no 
longer sufficient to heat the surface, the 
luminous phenomena disappear and the 
hot surface cools so rapidly that the mete¬ 
orite IS seldom more than lukewarm when 
it strikes, although a few have been too 
hot to be comfortably handled Reduc¬ 
tion of velocity during its passage through 
the air is so rapid that enormous strains 
develop which cause many meteorites to 
burst The angular shape of the Benld 
meteorite suggests that it may have burst, 
but as no sound of explosion ^\as heard 
at Benld, if it burst at all, it did so high 
in the air many miles from where it 
struck If it did burst, other individuals 
from it may be found possibly at a dis¬ 
tance of several miles from where it 
struck 

The fall of the Benld meteorite calls 
attention to the danger, ever present and 
not to be guarded against, of injury to 
person or property from falling mete¬ 
orites Although this danger is always 
present the records show that peril from 
this source is so slight as to be negligible 
The late Dr Farrington, formerly head 
of the Department of Geology of Field 
Museum of Natural History and one of 
the world ^s leading authorities on mete¬ 
orites, stated in his book ‘^Meteorites 

No meteorite fall has ever positively been 
known to have been destructive to human life 
Accounts purporting to describe such catas 
trophes prove on investigation to have come 
either from times or countries so remote that 
that they can not be verified Many accounts of 
such an occurrence come to ua from earlier times 
and the scene here pictured probably illustrates 
destruction behoved by an early artist to have 
been caused by meteoric stones falling from the 
skies But no well authenticated occurrence of 

20 C Farrington,Meteorites,p 28,1915 
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the sort is known Perhups the moat narrow 
escape which has ever been experienced was that 
of three children in Buiunaii at the time of the 
fall of that meteorite in 1847 This meteorite, 
an iron weighing nearly forty pounds, fell in a 
room wliere these children wore sleeping and cov 
erod them with debris, but they suffered no seri 
ous injury Other meteoiites have fallen near 
human beings but never have struck them so far 
as (rodiblo information goes That 
injury or death might be caused by the fall of a 
meteorite is entirely possibh', in fact is likely to 
otcur at some time It is remarkable that some 
falls, such for instance as the showers in Iowa 
which occurred in fairly thickly settled com 
munities, should not have caused serious injury 
to the inhabitants 

There are a few probable but not 
proven instances of animals being hit 
During the past 150 years during which 
records have been kept only eleven mete¬ 
orites are certainly known to have pene¬ 
trated buildings The first recorded dam¬ 
age to a building occurred at Barbotan, 
Prance, in 1790 Other damage to build¬ 
ings was occasioned by meteorites which 
fell at Benares, India, in 1798, Massing, 
Bavaria, in 1803, Braunau, then in Ba¬ 


varia, in 1847; Aussun, France, in 1858, 
Pillistfer, Lativa, in 1863, Kilboum, Wis¬ 
consin, in 1911, Baxter, Missouri, in 
1916, Kurumi, Japan, in 1930, Yurtusk, 
T^kraine, USSR, in 1936, and Benld, 
Illinois, in 1938 Fragments of eight of 
these are m the collection of Field Mu¬ 
seum The collection also has a roof board 
penetrated by the meteorite which struck 
a barn in Kilbourn, Wisconsin, on June 
16,1911 The stone passed through three 
thicknesses of shingles, a hemlock roof 
board and the plank floor of a hay loft 
It then glanced against the side of a 
manger and buried itself two and one-half 
inches deep in the clay floor of the barn 
There is also the branch of a tree, barked 
by a meteorite which fell in Andover, 
Maine, on August 5,1908. There are also 
a few instances where damage by mete¬ 
orites seems probable but can not be 
proven A recent example is the fall of 
a meteorite in Pennsylvania among the 
cattle on a farm Later one of the cows 
was found to be seriously injured, as if it 
had been struck by the meteorite It is 
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probable that the meteorite struck the cow 
a glancing blow, but as there are many 
ways in which cattle can be injured this 
conclusion can not be accepted as abso¬ 
lutely certain The frequent newspaper 
accounts of injury are always investigated 
and prove with few exceptions to be with¬ 
out foundation Some of them are ab¬ 
solutely baseless, others are the results 
of mistaken interpretation of the cause of 
the damage, and others are deliberate 
fakes An example of mistaken interpre¬ 
tation was the o^se that came to the atten¬ 
tion of Field Museum many years ago of 
a woman while in her back yard being 
struck on the head by a small meteorite 
The alleged meteorite proved to be an 
ordinarj^ pebble and an investigation 
showed that, as the woman was much dis¬ 
liked by the children of the neighborhood, 
it IS probable that she was hit by a stone 
thrown by one of the children An ex¬ 
ample of a deliberate hoax is a report from 
Crawfordsville, Indiana, where it was 
claimed that a meteorite struck a Ford 
car and passed through its hood Investi¬ 
gation showed that the damage was oc¬ 


casioned by the accidental discharge of a 
gun and a meteorite hoax was invented by 
boys to avoid liability for the damage. 

A calculation by Dr H H Nininger, of 
the Society for Research on Meteorites,^ 
shows how exceedingly slight is this dan¬ 
ger from falling meteorites He found 
that for the 123 years preceding 1925 
there were, in twelve European and 
American countries, for which fairly good 
records have been kept, 287 witnessed 
falls, from which 129,349 individual mete¬ 
orites have been recovered The area of 
the countries involved is 7,205,503 square 
miles These figures show that one mete¬ 
orite from a witnessed fall fell for each 
fifty-five and one-half square miles of sur¬ 
face But many meteorites fall unseen 
Dr Nininger, arbitrarily assuming that 
ten times as many meteorites fell as were 
reported, a reasonable figure, estimates 
that m 125 years one meteorite fell for 
each five and one-half square miles 
When we consider how small an area is 
covered by living human beings it is not 
surprising that no one has as yet been 

3 H H Nininger, “Our Stone Pelted Planet,“ 
p 78, 1933 
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injured The area covered by buildings 
IS of course larger but yet so small that 
the wonder is not how few but how many 
buildings have been struck. 

It IS only the exceptional meteorite, one 
out of many millions, that is large enough 
for any part of it to survive the wastage 
of its passage through the air. When such 
a meteorite strikes, its size and velocity 
have been so greatly reduced that the im¬ 
pact IS relatively harmless Even more 
exceptional are the few that have made 
the meteoric craters like that at Canyon 
Diablo, Arizona, which is three quarters 
of a mile m diameter and 570 feet deep 
The43e are so enormous that they are lit¬ 
tle impeded by the resistance of the air, 
and when they hit they excavate huge 
craters like those from the explosion of 
military mines Only eight of these are 
certainly known to have fallen in recent 
geological times There are a number 
of other craters the origin of which is 


disputed, but adding these and probable 
future finds to the eight will not more 
than double the number 

The earth is daily bombarded by mil¬ 
lions of meteorites so small that they are 
completely consumed m the upper air, 
miles above the solid surface These are 
perceived only as luminous trails of shoot¬ 
ing stars and meteors Most of these 
trails are so faint that they may be seen 
only through powerful telescopes The 
great majority of them weigh from a few 
ounces to a fraction of a grain, but even 
a particle weighing less than a grain mov¬ 
ing with the original velocity of a mete¬ 
orite would pass completely through a 
human being We would have, were it not 
for our atmospheric protection, instead of 
an occasional trivial damage, as exem¬ 
plified by the Benld meteorite, an aerial 
bombardment so severe that animal life 
could not exist except in the depths of the 
sea 
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Since the beginnings of human history, 
man has noticed the rocks on the surface 
of the earth and wondered whence they 
came Rocks originating from hot, molten 
materials were observed in very early 
times in the Mediterranean region Flows 
of hot lava poured from active volcanoes, 
devastating the countryside and terrify¬ 
ing the inhabitants When these lavas 
cooled, new rocks, which were called igne¬ 
ous or fire rocks, covered the areas of the 
flows Also, hot volcanic ash and breccia 
were blown from the volcanic craters and 
showered on the neighborhood Hot 
springs, fumaroles and soJfataras show'ed 
that in other places heated materials came 
from within the earth But only during 
the past century and a half have scien¬ 
tists obtained a clear picture of the nature 
of the processes and of some of the physi¬ 
cal and chemical principles which under¬ 
lie the formation of the igneous rocks 

Nature of Rocks 

A rock is usually an aggregation of 
minerals, but this is not a broad enough 
or a wholly correct definition Rocks may 
be composed entirely of minerals or en¬ 
tirely of glass or partly of both A min¬ 
eral is a chemical element or compound 
which occurs m nature Glasses are 
merely chilled molten masses which have 
not crystallized into one or more definite 
minerals In ordinary usage, a rock is 
something hard and firm, but in geology 
the word rock does not have this limita¬ 
tion, for a soft layer of volcanic ash or 
dust is also a rock A rock is one of the 
integral components of the earth^s solid 
shell Rock of a particular kind implies a 
certain constancy of chemical and min¬ 
eral composition Thus, a large or small 


mass of granite is a recognized kind of 
rock, but a chance filling of a mineral vein 
by variable amounts of ore minerals is not 
accepted by petrographers as forming a 
definite rock According to ordinary 
geological usage, a particular kind of 
rock must possess definite boundaries and 
show by its relations to other iwk masses 
that it owes its existence to definite ge¬ 
ological processes The size of a rock mass 
is not important, for a seam or dike of 
granite or basalt cutting rocks of other 
kinds may be as thin as cardboard or a 
mile 111 thickness 

Rocks may be divided into three general 
classes according to their mode of origin 
(1) ujneom rocks, derived from a molten 
magma, (2) sedimentary rocks, derived 
from detrital material, and (3) meta- 
morphic rocks, formed from the other two 
classes by physical or chemical processes 
The Igneous rocks are the primary 
rocks of the earth’s shell, because from 
them all other rocks have been derived by 
weathering, disintegration, transporta¬ 
tion, chemical or physical changes and 
other generally similar processes In a 
broad sense, the chemistry of the igneous 
rocks IS the chemistry of the earth’s pri¬ 
mary crust 

Rock Magmas 

The ultimate source of an igneous rook 
is its parent magma—a molten solution of 
complex silicates with smaller amounts 
of the less abundant chemical elements 
and compounds of the earth’s mass 
Rocks are formed from this parent 
magma by a crystallization, in whole or in 
part, of this molten solution Minerals 
do not crystallize from a magma in the 
order of their fusibility, but follow much 
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more complex laws which we shall discuss 
later The complex crystallization pro¬ 
cesses by which a magma may yield many 
different kinds of igneous rock is known as 
magmatic differentiation This process 
follows definite physical and chemical 
laws operating on a large scale in the 
earth 

Many of the ore deposits of the world 
are closely connected with the igneous 
rocks In order to outline the process 
of their development, let us assume that 
there is a large body of molten magma in 
a subterranean reservoir On cooling, 
crystallization begins and a large part of 
the mass crystallizes to form igneous 
rocks By reason of selective crystalliza¬ 
tion, those chemical constituents which 
are present in the largest amount or are 
most insoluble are first removed from the 
solution to form igneous rocks Gradually 
there is a concentration of rare or more 
soluble constituents and of water and 
gases in the residual solution Valuable 
metals concentrated in this way may be 


later deposited in veins or fissures in the 
already cooled igneous rocks or in the 
surrounding rocks, thus producing impor¬ 
tant ore deposits 

In volcanoes and volcanic fissures we 
often see molten lavas which actually 
reach the surface of the earth A picture 
of the lava pit at Kilauea m Hawaii is 
given as Fig 1 We know, however, from 
geological studies all over the world that 
very much larger amounts of molten 
magma come up from the interior of the 
earth into its outer zones, and there cool 
slowdy and crystallize without ever 
actually reaching the surface The rocks 
formed from these deep-seated magmas 
are not exposed generally until after many 
millions of years, when the overlying rocks 
have been removed by erosion 

Chemical Composition of the 
Igneous Rocks 

Of the ninety-two fundamental ele¬ 
ments known to chemists, ten make up 
about 99 per (‘ent of the igneous rocks 
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BASE) SHOWING CRYSTALS OP PLAGIOCL^SE, 
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In the minerals of the igneous rocks, as in 
the magmas, most of the elements occur 
combined with oxygen Magmas are 
silicate solutions, that is, molten masses 
of the various oxides of the metals com¬ 
bined with silica (oxide of silicon), S 1 O 2 
The average composition of the igneous 
rocks expressed as oxides is given in 
Table I 

TABLE I 

A\FUAGF (.’OMl’OSJllON OF I(>NCOlIS ROCKS 


OxidcH 

Percentage 

SiUcA (SiOi) 

12 

Alumina (AlaOi) 

15 34 

Ferric <Fe*0*) 

3 08 

FerrouH (FeO) 

3 80 

Lime (CaO) 

Soda (Na>0) 

5 08 

3 84 

Magnesia (MgO) 
PotaHHla (K 2 O) 

3 49 

3 13 

Water (H*0) 

TitanlA (TlOa) 

1 16 

105 

Phodphoric (P*Oi) 

0 30 

Mangnnoud (MnO) 

0 12 

All othora 

0 50 

100.00 


In considering the principles involved 
in the origin of the igneous rocks, we 
shall confine ourselves to the chemistry 
of the first ten oxides of Table I 

Mineral Comwsition of the 
Igneous Rocks 

Most of the Igneous rocks are made up 


of crystalline chemical compounds, called 
minerals A knowledge of these minerals 
IS essential before any attempt is made to 
trace their origin The petrologist, 
through a study of thin sections (see Fig 
2) of a large number of rock types and 
the relations of rocks to each other in the 
field, has acquired a large amount of 
information concerning rocks and min¬ 
erals which must form the background of 
any inquiry into the physical and chem¬ 
ical processes involved in their origin 

One igneous rock may consist of grains 
so large that the individual minerals may 
be easily distinguished and identified, 
whereas in another the grains may be so 
small as to preclude identification except 
with a microscope or x-rays The mineral 
grains may be of uniform size or the rock 
may consist of a few large crystals em¬ 
bedded m a ground mass of tiny mineral 
grains The petrologist obtains clues to 
events in the history of the rock from 
such textures or from larger-seale zonings 
in rock series For example, in certain of 
the lavas most of the rock is a black glass 
with a few crystals of the mineral pyrox¬ 
ene, so oriented m the glass as to indicate 
the flow lines of the moving lava stream 
Other bodies of igneous rock show signs 
of zoning, indicating that certain minerals 
have settled toward the bottom or floated 
upward in the lava stream or magma 
chamber Etched or corroded crystals in¬ 
dicate that minerals, stable at one stage, 
became unstable in a subsequent stage and 
were redissolved, in whole or in part, or 
transformed to other minerals. These 
examples and many other such observa¬ 
tions on minerals and rocks suggest the 
nature of the physical and chemical pro¬ 
cesses that were m operation in their 
formation 

The most important and common min¬ 
erals of the Igneous rocks are given in 
Table H. 

The Problem of Origins 

We have been concerned thus far with 
general questions about rocks and their 
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TABLK II 

Common Minhrals of uub Ionrous Rocks 


Minerals Principal components 


Olivines . « .Mg^iHlOi and FeaSiOn 

Pyroxenes CaBiOi, MgSiOt and FeSlOt 

Amphlboles 

and micas . .<^omp1ox Fe. Mg and Ca silicates 
Feldspars 

Lime feldspar CaAlaSisOM 
Soda feldspar NiiAlSlifin 
Potash folditpar KAISIiOh 
Q uarts SiO« 


sources, particularly the igneous rocks 
and their mineral constituents; let us now 
consider more specific problems bearing 
on the origin of these materials When a 
magma crystallizes to form an igneous 
rock or rocks, at what temperature does 
this crystallization process begin? Does 
crystallization begin at the same tempera¬ 
ture in two magmas of different chemical 
composition? Do all minerals separate 
simultaneously? If not, what is their 
order of crystallization ? Does a magma 
of a particular chemical composition al¬ 
ways yield the same rock or rocks? If 


not, what chemical and physical processes 
operate to yield the different rocks? 

Many questions arise concerning the 
individual minerals found in the igneous 
rocks Do minerals always have constant 
chemical compositions? If not, what fac¬ 
tors influence the composition of certain 
minerals? What is the origin of zoned 
crystals (crystals whose optical properties 
under the microscope indicate concentric 
zones of different but related chemical 
composition) ? Why do certain minerals 
in the igneous rocks appear corroded as 
if they had crystallized and subsequently 
were partly dissolved? Why do certain 
minerals show reaction rims (mineral 
grains with surrounding rims of different 
minerals) ? 

These inquiries are but a few examples 
of the problems that engage the attention 
of the scientists who are devoting their 
efforts to investigating the nature and 
origin of the physical materials of the 
earth We shall attempt to show how 



(Photo by C J Ksanda ) 

FIG. 3 X RAY GONIOMETER USED TO STUDY CRYSTAL STRUCTURE AT THE OEOPHYSIC'AL LABORATORY 
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{Photo by J Harper Snapp ) 

TIQ 4. A HIGH TEMPERATURE INSTALLATION AT THE GEOPHYSICAL LAROBATORY, SHOWING FURNACES, 
THERMOCOUPLES, POTENTIOMETER, TEMPERATURE REGULATORS, AND MIOROBCOPE USED IN STUDYING 

MELTING RELATIONS OF SILICATES 


these problems have beeft attacked and 
what progress has been made toward a 
better understanding of the origin of the 
igneous rocks and their minerals 

Cooperative Laboratory Studies 

Field geologists, by examining igneous 
rocks in various parts of the world and 
their relations to one another and to the 
surrounding rocks, have accumulated a 
large amount of observational informa¬ 
tion. Petrographers, by studying these 
same rocks in detail in thin sections un¬ 
der the microscope, have obtained a large 
number of facts concerning the more 
minute structures and the relationships of 
the several minerals to one another. 
Analytical chemists have supplied infor¬ 


mation about the chemical compositions 
of the rocks and of their mineral com¬ 
ponents These various kinds of informa¬ 
tion about Igneous rocks raise questions 
concerning the nature of the processes by 
which they have been formed that point 
the way to laboratory experiments for 
determining the fundamental behavior of 
silicate solutions of the ten chemical 
oxides that make up 99 per cent of 
Igneous rocks. 

Although we are considering the chem¬ 
istry of only ten chemical substances, the 
problem is very complex, for there is an 
almost unlimited number of possible com¬ 
binations of these ten materials. If we are 
to have success we must break up the prob¬ 
lem into smaller units and solve the rela- 
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tions of the ten subetanees to one another 
by isolating the variables and investigate 
ing them individually. 

An experimental study, in the laborer 
tory, of silicate solutions comparable to 
the rock magmas at high temperatures 
and pressures requires the combined ef¬ 
forts of various experts. High tempera¬ 
tures and pressures must be produced by 
some means and accurately measured and 
controlled. Careful work of an entirely 
different kind is necessary to produce 
and control the chemical compositions of 
the artificial rocks. The petrographic 
microscope is essential in order to iden¬ 
tify the artificial minerals that are pro¬ 
duced and to follow their changes in 
chemical composition. The use of x-nys 
is important in order to identify very 
finely crystalline phases and to elucidate 
the laws of crystal structure, polymor¬ 
phic forms (two or more crystal forms 
of the same chemical substance) and solid 
solutions (continuous variation or varia¬ 
tion within definite limits of the chemical 
composition of a single crystalline sub¬ 
stance). A photograph of the x-ray 
goniometer used for this purpose is given 
in Fig 3 Delicate physical methods are 
required for measuring the heat changes 
that occur when an ounce or a ton of a 
mineral melts or crystallizes. 

In the Geophysical Laboratory of the 
Carnegie Institution of Washmgton, such 
a group of geologists, petrologists, physi¬ 
cal chemists and physicists has been col¬ 
laborating for more than thirty years. 
Over a thousand articles descnbmg these 
investigations have appeared in scientific 
journals. The program, under the direc¬ 
torship first of A L. Day and later of L 
H. Adams, has been carefully planned 
and executed. By proceedmg from the 
simple to the complex and solving vari¬ 
ables one by one, very substantial progress 
has been made toward the solution of the 
problem of rock formation as a whole. 
The experimental investigation of rocks 
is a conspicuous example of progress in 
a difficult field through cooperative effort. 


Here, I shall confine my remarks to the 
studies of silicate melts at high temi>era- 
tures, my particular field of interest, 
without in the least minimizing the im¬ 
portance of pressure This important 
factor has been already considered in de¬ 
tail by my colleagues L H. Adams^ and 
R. B. Gibson * 

RoCK-FORMINO SlUCATES AT HiOH 
Temperatures 

Before proceeding with a study of a 
complex solution of ten different rock¬ 
forming oxides we required some knowl¬ 
edge of the effect of temperature on the 
behavior of the separate substances. 
Sibca (S 1 O 2 ), the most abundant of these 
oxides, occurs naturally in four different 
crystalline forms whose relations to one 
another with respect to range of stability 
were not known and had to be deter¬ 
mined The meltmg point of SiOa was 
known to be fairly high (considerably 
above the melting point of iron), but no 
exact value had been determined One 
of the first problems to be solved was the 
production and accurate measurement of 
high temperatures up to the melting 
point of platinum (1755° C ) After the 
establishment (by A L. Day and others) 
of an absolute temperature scale for high 
temperatures by means of the nitrogen 
thermometer, measurements of the exact 
melting points of certain silicates were 
possible 

In place of natural rocks and minerals, 
artificial ones were prepared from pure 
chemicals by a series of meltings in elec¬ 
tric furnaces. With these simple syn¬ 
thetic mixtures, a careful control of chem¬ 
ical composition was possible. A natural 
specimen of even a simple mineral like 
quartz (Si 02 ) usually contains small 
amounts of other minerals as microscopic 
inclusions which can not be conveniently 
separated and which often serve merely 
to confuse the investigator. Since the 

^L. H. Adams, Soi. Monthly, 44: 199-209, 
1937. 

SB. E. Gibson, Scz. Monthly, 46: 103-119, 
1988. 



148 


THE SCIENTIFIC MONTHLY 


fundamental behavior of a substance is 
primarily due to its chemical composi¬ 
tion, artificial rocks or minerals made 
from pure chemicals are to be preferred 
to natural materials, which contain small 
amounts of undesirable impurities. 

Early studies of the melting relations 
of minerals were made by means of heat¬ 
ing or cooling curves, a method very suc¬ 
cessfully applied by the metallurgist in 
his study of metal alloys Most silicates, 
because of their low heat conductivity 
and their slow rate of chemical reaction, 
gave either no results or relatively poor 
ones by this method With the develop¬ 
ment of the method of quenching it be¬ 
came possible to obtain accurate and 
reliable data on the melting relations of 
many of the rock-forraing silicates 

Method op Quenching 

In the method of quenching, a particu¬ 
lar mixture of pure chemicals is placed 
m a platinum crucible, platinum being 
used because it is inert chemically and 
has a high melting point (1755® C ) 
This mixture is heated above its melting 
point several times, with intermediate 
crushing and powdering, until it is very 
uniform in composition When removed 
from the hot furnace, it is cooled quickly 
by plunging it into cold water Most 
silicates, when so treated, have the prop¬ 
erty of freezing'’ to a glass, which is 
merely a supercooled liquid that has not 
crystallized After this glass has been 
powdered it is examined under the petro¬ 
graphic microscope in liquids of known 
indices of refraction When it is abso¬ 
lutely homogeneous, that is, uniform in 
chemical composition, all glass grains 
have exactly the same index of refrac¬ 
tion A portion of this uniform material 
is crystallized by maintaining it at a 
suitable temperature until crystals form, 
which may be a period, depending on the 
chemical composition, ranging from five 
minutes to five years The crystals are 
identified by means of their optical prop¬ 


erties in polarized light under the petro¬ 
graphic microscope With silicates it is 
usually advantageous to have crystals 
(small in size so they may come to equi¬ 
librium with the liquid rapidly) present, 
because of the sluggishness of chemical 
reactions in silicate-melts and their ten¬ 
dency to supercool 

We are now ready to determine what 
happens to this particular composition 
at any selected temperature. A small 
sample of the crystallized glass is placed 
in a tiny platinum envelope. By using 
a small amount we avoid difficulties of 
different temperatures within the charge 
The envelope is hung next to the junc¬ 
tion of a platinum—^platinum 90 per 
cent, rhodium 10 per cent thermocouple 
which IS placed at the ‘‘hot pomt'' or 
center of the zone of uniform tempera¬ 
ture m a platinum-wound electric fur¬ 
nace In order to read the temperature 
we use a potentiometer and thermo¬ 
couple, a combination which is merely an 
electrical thermometer. The tempera¬ 
ture is controlled and kept constant 
within 2® C by means of a special elec¬ 
trical thermostat developed by physicists 
at the Geophysical Laboratory The 
charge is suspended by means of a fine 
wire across two heavy platmum wires. 
When the chemical reaction has gone to 
completion and holding for a longer time 
produces no further change, the equilib¬ 
rium IS “frozen" by dropping the tiny 
platinum envelope into cold mercury 
This IS accomplished by melting the sup¬ 
porting wire with a heavy electric cur¬ 
rent Cooling IS so rapid during quench¬ 
ing that there is no time for chemical 
change to take place, and a “frozen" 
sample of the material is obtained Any 
liquid that was present at the tempera¬ 
ture of the experiment will be glass, and 
any crystals that were present in the 
liquid may be identified by their optical 
properties under the microscope By a 
series of such quenching experiments on 
a particular composition, the beginning 



IGNEOUS ROCKS AND THEIR CONSTITUENTS 


149 


of melting, completion of melting and 
temperature of formation or disappear¬ 
ance of any particular kind of crystals— 
in other words, any phase change—^may 
be determined. By selecting a senes of 
related chemical compositions, preparing 
such compositions and making the neces¬ 
sary quenching experiments, much syste¬ 
matic and valuable information may be 
obtained concerning the complicated 
processes of crystallization. 

In summary, the investigation of melt¬ 
ing phenomena in silicate-melts consists 
of holding a small sample in a furnace at 
a fixed temperature, which is measured 
by means of a thermocouple and potenti¬ 
ometer and controlled to ±: 2® with an 
electrical thermostat. After adequate 
time has been given for chemical reac¬ 
tions to proceed to completion at the fixed 
temperature, the equilibrium mixture is 
“frozen** by very rapid cooling. The 
nature of the sample at the temperature 
of the experiment is determined by a 
microscopic examination of the quenched 
charge Fig 4 is a photograph, taken in 
the Geophysical Laboratory, which shows 
these necessary pieces of equipment for 
determining melting relations m silicates 

Phase Equilibrium Diagrams 

Phase diagrams are graphs used to ex¬ 
press the facts of equilibrium in hetero¬ 
geneous systems—systems involving equi¬ 
librium between two or more phases 
What do we mean by the words phase, 
equilibrium and silicate system? 

A chemical system is said to be homog¬ 
eneous when all parts of the material 
under consideration possess the same 
chemical and physical properties. It is 
said to be heterogeneous when it is com¬ 
posed of two or more homogeneous parts 
separated by physical and sometimes 
chemical discontinuities The homog¬ 
eneous parts of a heterogeneous system 
are called phases. For example, at its 
freezing point liquid water is in equilib¬ 
rium with solid ice and water vapor. 
There are three phases present: one 


liquid phase, one solid phase and one 
gaseous (vapor) phase in the one-com¬ 
ponent system, water (H 2 O). 

The concept of phases is readily under¬ 
stood, but somewhat greater difficulty is 
usually experienced when we come to 
consider what is meant by the term com¬ 
ponent The components of a system 
are not synonymous with the chemical 
elements or compounds present (constit¬ 
uents of the system), although either or 
both may be components By the com¬ 
ponents of a system we mean only those 
constituents whose concentration can un¬ 
dergo independent variation in the sev¬ 
eral phases In the system previously 
chosen as an example of phases, the num¬ 
ber of constituents taking part in the 
equilibrium is only one, the chemical sub¬ 
stance water (H 2 O) Hydrogen and 
oxygen, the constituents of water, are not 
components because they are not present 
as such but are combined chemically m 
definite proportions as n 20 , and their 
amounts, therefore, can not be varied 
independently As components of a sys¬ 
tem the smallest number of independently 
variable constituents are chosen Equilib¬ 
rium is not dependent upon the actual 
amounts of the phases, but only on the 
fact of their coexistence 

The underlying law of equilibrium in 
heterogeneous systems is the phase rule 
developed mathematically from thermo¬ 
dynamic principles by the great Ameri¬ 
can scientist J Willard Gibbs during the 
last half of the nineteenth century Its 
use in its present form is due to H W. 
Bakhuis Roozeboom, the Dutch chemist, 
who at the suggestion of van der Waals 
applied Gibbs’s phase rule to a study of 
actual chemical systems and used it as a 
guiding principle in predicting the con¬ 
ditions at equilibrium T^>is rule for a 
system in equilibrium may be very con¬ 
cisely summarized in the form of the 
equation 

P + ^ = C + 2 or P = C + 2-P, 
where P is the number of phases in the 
system at equilibrium, F is the number 
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no. 5. EQUIUBRIUM DIAGRAM FOB THB ST8TEM, 
LEUOITB—^DIOPSIDE. (BOWEN AND 8GHA1RSB ) 


of degrees of freedom (the variability), 
and C is the number of components. The 
number of degrees of freedom is the num¬ 
ber of the variable factors (temperature, 
pressure and concentration of the com¬ 
ponents), which must be fixed in order 
that the condition of the system shall be 
completely defined. It should be noted, 
however, that the phase rule tells us the 
condition of the system when eqmlibnum 
IS reached, but does not tell us anything 



Lime Soda 

Feldspar Feldspar 


no. 6. THE 8T8TEH, LIME FELD8PABr-^DA 
rXLDSPAB (PLA0I00LA8E FELDSPARS). (BOWEN) 


about the rate of attainment of equilib¬ 
rium. For the system, water, at its freex- 
ing point, already used as an example, we 
have one component and three phases, 
and we find, by substituting these values 
m the equation, that F = 0. In other 
words, the coexistence of these three 
phases in the system, water, is possible 
only at a fixed temperature and fixed 
pressure; that is, the system is invariable. 
If we raise the temperature the ice melts 
and we lose the solid phase, ice If we 
lower the temperature the water freezes 
to ice and we lose the liquid phase, water. 

Binary Systems 

First, let us examine the simpler melt¬ 
ing relations found in two-component 
(binary) systems of rock-forming sub¬ 
stances As type I, we shall select a 
mineral pair, leucite—-diopside, showing 
the simple eutectic relation (that is, no 
solid solution) A binary phase equilib¬ 
rium diagram for this system is given as 
Fig. 5 We notice that temperature is 
plotted in the vertical direction and com¬ 
position in weight per cent in the hori¬ 
zontal The actual compositions, on 
which measurements were made, are des¬ 
ignated by solid circles Each compo¬ 
nent has a congruent melting point, that 
IS, the solid melts sharply, at a definite 
temperature, to a liquid of the same 
chemical composition as the crystalline 
solid We notice that pure leucite has 
a high melting point, 1686® C, and that, 
as we add diopside to leucite, the tem¬ 
perature of completion of melting (hq- 
uidus curve of leucite) is lowered; and 
similarly as we add leucite to diopside 
(liquidus curve of diopside), the tem¬ 
perature of completion of melting is low¬ 
ered The point at which the two liquidus 
curves intersect is the eutectic point, 
and its temperature (1300®) is called the 
eutectic temperature. All compositions 
in the system, except the pure compo¬ 
nents themselves, become completely solid 
on cooling only at the eutectic tempera¬ 
ture, and either leucite or diopside sepa- 
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rates first, depending on which side of 
the eutectic the selected composition lies, 
and is joined by the second solid phase 
and becomes completely crystalline at the 
eutectic temperature. Conversely, on 
heating, the first liquid appears at this 
eutectic temperature in all compositions 
except the pure components. The only 
two solid phases in the system are pure 
crystals of Icucite and pure crystals of 
diopside The eutectic temperature is 
lower than the melting pomt of either 
pure component. 

As type II, we shall select a mineral 
pair that show a complete series of solid 
solutions We shall use the well-known 
plagioclase feldspars, so common in many 
igneous rocks, as an example The dia¬ 
gram for anorthite (lime feldspar)— 
albite (soda feldspar) is given as Fig 6 
The liquidus curve, we may observe, looks 
quite different from the eutectic type 
(type I). By the addition of albite to 
anorthite the temperature of completion 
of melting (liquidus) is continuously 
lowered; or conversely, by the addition 
of anorthite to albite its liquidus is con¬ 
tinuously raised. We see, also, that there 
IS no single temperature comparable to 
the eutectic temperature of type I (the 
one temperature at which all mixtures 
begin to melt on heating or become com¬ 
pletely solid on coobng), but that each 
mixture begms to melt at a different tem¬ 
perature (solidus curve, lower curve in 
Pig 6) 

This type of diagram is most interest¬ 
ing to the student of igneous rocks, be¬ 
cause so many of our rock-forming mm- 
erals are solid solutions, either of this 
simple type or of much more complex 
t3rpes. The olivines, pyroxenes, amphi- 
boles and feldspars are outstanding ex¬ 
amples. From this type of diagram, we 
may see why zoned crystals are found in 
rocks. Let us examine the crystalliza¬ 
tion of a typical mixture 

We shall follow the crystallization 
process of a mixture of the composition 
60 per cent, lime feldspar 50 per cent. 


soda feldspar, assuming that cooling is 
slow enough so that equilibrium is 
reached, at all times, during the crystal¬ 
lization process This composition is 
represented by the point x (Pig. 7), 
which is at a high temperature and com¬ 
pletely liquid. On coohng, the first crys¬ 
tal appears at 1450® (temperature of 
point a) and its composition is repre¬ 
sented by the point &, a composition much 
richer in the lime feldspar component 
than is the composition of our chosen 
mixture On further coolmg, there is a 
simultaneous change in amounts and in 



no 7 CRYSTALLIZATION PATHS IN THE SYS* 
TEli, LIME FELDSPAR—SODA FELDSPAR. 


chemical composition of hath the crystals 
and the liquid. When the temperature 
of the flat dc is reached, the crystals have 
moved in composition from 6 to d (have 
become progressively richer in soda feld¬ 
spar) and the liquid has moved in com¬ 
position from a to c, but there is much 
less liquid present. When the temperar 
ture has reached 1287® (temperature of 
pomt /), the mixture becomes completely 
solid, and the crystals, which have moved 
in composition from d to /, have the com¬ 
position 50 per cent, lime feldspar 50 per 
cent, soda feldspar, the same composition 
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as X, our chosen mixture. The last bit 
of liquid had the composition e Because 
of the continuous reaction between both 
crystals and liquid during crystallization, 
this is called a continuous reaction senes 
Our chosen mixture crystallized to yield 
crystals of the same composition, but 
note what an involved course the path of 
crystallization followed 
In the crystallization of a magma to 
form Igneous rocks, cooling is often too 
rapid to allow equilibrium to be reached, 
and the first crystals to appear are not 
afforded suflBcient time to react with the 
liquid Thus they become coated with a 



MgSiOa (Bowen and Andersen ) 

more sodic (or less calcic) feldspar zone 
which effectively removes the inner zone 
from contact with liquid In this failure 
to react with liquid, we have a rational 
explanation of zoning m plagioclases 
Sometimes reversal of zoning is found 
that indicates an abrupt change in condi¬ 
tions during crystallization We can not 
attempt to go into all the possibilities, but 
wish merely to indicate how processes of 
mineral growth can be explained when we 
apply the information to be read from 
such phase diagrams 
We have reason to believe that in the 
crystallization of magmas, fractional crys¬ 
tallization is very important in yielding 
the great diversity of rock types Since 


the crystals of feldspar continuously re¬ 
act with the liquid present, if they are 
removed by fioating or sinking m the 
liquid or are effectively removed—at least 
in part—by zoning, the whole course of 
crystallization is changed and the com¬ 
position of the residual liquid moves to the 
right (Pig 7) With a great amount of 
fractionation, the residual liquid will ap¬ 
proach pure soda feldspar in composition. 
No natural magma is so simple as this 
feldspar diagram, but similar principles 
apply in the many more complicated dia¬ 
grams which more nearly approach rock 
compositions 

Another type of binary diagram, which 
involves reaction between crystals and 
liquid, 18 chosen as type III In Pig 8 
we have the system, forstente (Mg 2 Si 04 ) 
—^silica (S 1 O 2 ), with the compound 
clinoenstatite (MgSiOa), which has an in- 
congruent melting point Certam com¬ 
plications at the high silica side of the 
diagram have been deliberately omitted. 
When crystals of MgSiOa are heated, 
melting begins at 1557C with a separa¬ 
tion of crystals of MgaSiOi (incongruent 
melting) The material becomes com¬ 
pletely liquid only at 1577° C Con¬ 
versely, on cooling, forstente crystals 
separate at this latter temperature and 
continue to separate until the temperature 
of incongruent melting (1557° C) is 
reached At this constant temperature 
they react completely with the liquid of 
composition (MgSiOs 97 5 per cent, 
S 1 O 2 2 5 per cent) to form MgSiOa At 
perfect equilibrium, the crystals of 
Mg 28 i 04 and the liquid are exhausted 
simultaneously, and only MgSiOs crystals 
remain Thus we see that the liquid of 
composition, MgSiOa, with perfect equi¬ 
librium, follows an involved path of crys¬ 
tallization, but yields only crystals of 
MgSiOa We note, however, that for- 
sterite (Mg 2 Si 04 ) crystallized first, and 
at a lower temperature reacted with 
liquid to yield clinoenstatite (MgSiOs). 
Such a pair of minerals is called a reaction 
pair 
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When cooling is too rapid, complete 
reaction between crystals and liquid at 
the reaction point fails to take place 
quantitatively, the course of crystalliza¬ 
tion IS changed, and we may have crystals 
of forste^ite, clmoenstatite and silica in 
the final product. In this reaction process 
we note the nature of the origin of re¬ 
action rims of pyroxene (clmoenstatite) 
around grains of olivine (forsterite) in 
rocks 

More Complex Systems 

In the foregoing discussions only three 
of the simpler but important types of 
binary systems have been considered 
No reference has been made to partial or 
limited solid solutions, to components 
with several different crystalline modi¬ 
fications and to many others Although 
many ternary, or three-component, sys¬ 
tems have been thoroughly investigated, 
no quaternary, or four-component, sys¬ 
tem of silicates has as yet been completely 
studied. 

We shall include here a diagram (Pig 9) 
of the ternary system, CaO—FeO—S 1 O 2 , 
without complete explanatory details An 
equilateral triangle is used to express 
chemical composition in terms of three 
components If we expressed tempera¬ 
ture vertically from this triangular base, 
we should have a triangular prism. To 
retain a plane figure, we indicate these 
temperatures by contours of temperature 
called isotherms A diagram of the sys¬ 
tem, CaO—PeO—S 1 O 2 , without iso¬ 
therms, IS given here to show how fields 
of stability of minerals are delineated 
Additional diagrams, showing isotherms, 
paths of crystallization and three-phase 
boundaries, are necessary for a more 
complete presentation of the laboratory 
data 

To represent a quaternary system, we 
use a tetrahedron whose faces are equi¬ 
lateral triangles For convenience, we 
often show, as a plane figure, the tetra¬ 
hedron with its faces laid down on the 
plane of its base Such a diagram is given 



no 9 THE SYSTEM, CaO—FeO—SiO„ with¬ 
out ISOTHERMS, SHOWING FIELDS OP STABILITY 
OF MINERALS (BOWEN, BCHAIRER, AND 
POSNJAK ) 

in Pig 10, which represents in skeleton 
form three different quaternary systems 
that are now being studied to ascertain the 
nature of residual liquids from fractional 
crystallization in compositions which ap¬ 
proach those of certain rock magmas. 

Complex Mineral Groups 

Earlier, we asked many questions about 
the nature and variations of the individ¬ 
ual minerals found in igneous rocks. 



Riyolltt 

no 10 QUATERNARY DIAGRAMS SHOWING IN 
TERREL ATlONS OF SYSTEMS INVOLVING BOTH 
EARLY- AND LATE CRYSTALUZINO MINERALS OF 
IGNEOUS BOCKS 
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no. 11 THE COirPOSITlOK TEIANOLE, CaSiOg— 
MgSiOg—FeSiO. (not ternaey), showing the 
HOST IMPORTANT MOLECULES OF THE BOOK- 
FORMING PYROXENES 

Here, we shall select one of the most im¬ 
portant groups of rock-forming minerals, 
the pyroxene group, in which N L. 
Bowen and I have had a particular inter¬ 
est The pyroxenes present exceptional 
complexity both of crystalline modifica¬ 
tions and of chemical composition They 
are a series of polycomponent solid solu¬ 
tions, some of the molecules of which are 
completely miscible and others only 
partly so The important mineral mole¬ 
cules which enter into the composition of 
the rock-forming pyroxenes are given in 
Table III The three most important 
molecules are the metasilicate molecules 

TABLE III 


Molecules or the Rock fobmino Pyroxenes 


CaSlOi 

MgSlOi 

CaSiOt MgSlOt 
FeSiOi 

CaSiOs FeSiOi 
MnSlOa 

CaSiOi MnSiOi 
Molecules 
containing 
AlaOa 
FeaOf 
TIO. 

HaiO AliOi 4SiOi 
NasO FesOa*4SiO« 


Wollastonite, pseudowollastonite 
Knstatite, cllnoenstatlte 
Diopslde 

Ferrosilite, clinoferrosiUte 
Hedenbergite 
Rhodonite, bustamlte 
Johannscnite 


Augltes 

AuKites and bablngtonlte 
Tltaniferous augltes 
Jadeito 

Acmite, aegirito 


CaSiOs^ MgSiOs and PeSiOa The com¬ 
positions of these are indicated in Pig 11. 


Laboratory data for the sides of the tri¬ 
angle are already complete. The rela¬ 
tions between diopside and MgSiOs are 
given m the ternary system, diopside— 
forsterite—silica CaSiOs and diopside 
form a bmary system in which there is 
a limited amount of the diopside mole¬ 
cule in solid solution in the low-tempera¬ 
ture form of CaSiOs (wollastonite). 
Data for CaSiOs—^PeSiOs and MgSiOs 
—^PeSiOs have been published in the 
ternary systems, CaO—^PeO—SiOs, and 
MgO—^PeO—S 1 O 2 , respectively The in- 
congruent nature of the melting of acmite 
has been determined and complete data 
are given in the system, NasSiOs—^PesOs 
—S 1 O 2 - Studies are now in progress, or 
are planned for further determination of 
the exact composition-temperature-stabil- 
ity relations in this important rock-form- 
ing mineral group 

CoNCLUDiNQ Remarks 

In this place, we could hope to indicate 
only the general character of the proc¬ 
esses operating in nature to produce the 
great diversity of igneous rocks. Prom 
the foregoing presentation, we may real- 
ize that, although the broader problem of 
the chemistry of igneous rocks concerns 
only ten rock-forming chemical sub¬ 
stances, it is, indeed, an involved but very 
fascinating one. We have seen that or¬ 
derly physical and chemical principles 
govern the processes, and that it is pos¬ 
sible, by dividing the problem into many 
interrelated simpler problems, to study 
the actual temperatures and processes of 
rock formation in the laboratory, and to 
use certain minerals as geological ther¬ 
mometers Each mineral system that is 
studied yields information concerning 
certain processes of rock formation, but 
usually raises many new problems that 
await further experiments for their solu¬ 
tion Science continually seeks new 
truths or a better understanding of the 
old ones. 



ARE WE ALONE IN THE UNIVERSE? 


By Dr. R. 8. UNDERWOOD 

PBOnSSOB OF MATHEMATICS, TEXAS TSOHNOLOOIOAL COLLEGE 

When most people looked upon our match the boundlessness of space with 
earth as a unique flat surface stretching an all-pervading quality of its own 
all the way out to the base of the sky-bowl But help came only slowly from the 
and resting on bed-rock, which reached, scientists. There was a time, not so long 
presumably, all the way down, man’s ago, when top-rank astronomers appar- 
position was a debghtfully happy one. ently considered it beneath their dignity 
The limited size and well-stocked condi- to discuss the question of life on other 
tion of creation satisfled his gregarious worlds The gradual turn of the tide is 
instinct and gave him a comfortmg sense probably due chiefly to the growmg con- 
of all-pervadmg companionship, while viction that this is a genuine research 
his obvious preeminence among created problem and not just a subject for un- 
thmgs left absolutely nothing for his verifiable guesses And this particular 
vanity to crave. Those, indeed, must development is certainly of much more 
have been the days I importance than the latest conclusion 

But always m human affairs there has about the atmosphere of Mars m respect 
to be some prying intellectual to spoil the to its fitness for human beings. For it 
perfect bliss of ignorance Some one, means that the possibility is at last recog- 
sooner or later, was bound to knock out nized that earth-bound creatures may be 
the foundation which supported earth able eventually to know with certamty 
and sky, leaving only a round ball sus- that there is or is not life on Mars, that 
pended lonesomely m space, and a rolled- there is or is not life on Venus, and even, 
away curtain where once had been the perhaps, that life exists or does not exist 
friendly gate of heaven. Bleak empti- on the remote satellites of other suns and 
ness was beyond, except for scattered other galaxies It means, further, that 
flammg beacons like the sun, a pinch, scientists investigating any of a thousand 
here and there, of debris, and a few m- problems in astronomy, physics, chem- 
significant earth-cousins all but lost in istry and other fields will keep always on 
the void. No wonder that thoughtful the watch for data bearing on a very live 
persons scanned those tiny balls with question, realizing more and more how 
wistful eyes, looking for signs of activity numerous and diverse are the odd bits of 
which would remove that new sense of knowledge or theory which may prove 
cosmic loneliness and give mankind com- now or later to be significant 
pamonship, at least, m place of his lost Already the accumulated direct and 
focal position in the scheme of things indirect evidence would require many 
No wonder that enlightened religious books for a reasonably complete discus- 
leaders longed for scientific assurance sion An article such as this, then, can 
that the great universe was not pricked do no more than point out a few of the 
in one spot only by a tiny stir called life— main considerations and hues of evidence, 
a stir so infinitesimal in the stupendous Logically, perhaps, we should first ask 
settmg of blmd mass and force that it what is meant by “life ” Any attempt at 
could be nothing more than a chemical a definition, however, gets us into philo- 
accident. Even yet life might take on sophical and biological niceties which only 
meaning and dignity if only it could obscure the point at issue, smce most of 
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us believe that we could recognize the 
phenomenon in almost any of its probable 
forms After all, we find upon introspec¬ 
tion that we are emotionally concerned 
not so much with other-world life as with 
consciousness, and particularly with the 
higher form of the latter called “intelli¬ 
gence ’’ But since on earth life-quick- 
ened matter and the cruder organisms 
merely set the stage for the climactic ap¬ 
pearance of mind and thought, there will 
be for many people a keen interest in 
the search for mere extra-terrestrial life 
in any form whatever 
One other matter of a general nature 
remains to be discussed before we con¬ 
sider specific sites of possible life It 
has been remarked that earth-life derives 
from two chief facts first, the instability 
of carbon compounds within the tempera¬ 
ture range found on our planet; and sec¬ 
ond, the presence of water as a medium 
of solution These dual prerequisites 
have allowed a tremendous variety and 
range of living forms, from bacteria to 
whales m size, from equator to pole and 
from ocean depth to mountain top in 
place, and from seconds to centuries in 
individual life spans And yet they 
have at the same time indicated a possible 
limit m the conditions which our kind of 
life can endure without the artificial aids 
of intelligence • a forbidding zone of per¬ 
petual cold like that approached in the 
Antarctic wastes, of drouth such as Death 
Valley holds, and of heat like that in the 
geysers of Yellowstone Park Beyond 
these limits, it is true, something totally 
different might emerge in the mysterious 
ways of creation—such forms, for in¬ 
stance, as could live m a world of blazing 
heat by virtue of silicon life cells fed by 
molten iron bloodstreams But perhaps 
the greatest single lesson of astronomy is 
that of the essential unity of observed 
creation One set of chemical elements 
apparently sufSces for the earth, the sun 
and all the known galaxies of space, and 
one great law of gravitation holds every 


celestial body in its place. It seems 
reasonable, then, to look first of all for 
our kind of life on the other planets, and 
to assert for the purposes of clarity that 
such strange creatures as may be stirring 
in the places beyond the pale of earth- 
living conditions are not examples of 
what we are pleased to define as life. 
This gives us a dogmatic basis upon 
which to exclude the overwhelming bulk 
of matter in the universe, including our 
own sun and all others, and probably, 
though not certainly, nebulous and mete¬ 
oric material, planets too near to or too 
far from their primary suns, and planets 
too small to hold an atmosphere. 

What remains ? Well, in our own solar 
system, in addition to the surely inhab¬ 
ited earth, there are several prospects 
worth examining in detail, while outside 
this system the sky is literally the limit 
Suppose we consider first of all our two 
immediate planetary neighbors 

Coming often within fifty miDion miles 
of the earth, and occasionally venturing 
within astronomical speaking distance 
only thirty-five million miles from colli¬ 
sion, the planet Mars naturally rates a 
good deal of attention from mere neigh¬ 
borly curiosity on our part But when, 
on the seasons of near approach, we peek 
out through our telescopic windows and 
find that the shades are up invitingly; 
that a well-marked face, peering at us m 
the revealing sunshine, gives more than 
one hint of strange goings on, and that 
we have before us almost, but not quite, 
enough detail to settle some vexing ques¬ 
tions immediately, is it any wonder that 
our scientific interest is spurred to the 
point of extra-special investigation, and 
that one man at least has made this puz¬ 
zle a life-study? Here, unquestionably, 
IS one of the most promising sites of life 
in the none-too-select astronomical neigh¬ 
borhood of the belligerent earth-beings. 

Most of the significant features of Mars 
have been described so often in popular 
literature that they will be pointed out 
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only briefly in this broader survey. First 
we should note the remarkable similarity 
to the earth in the two astronomical fea¬ 
tures of a twenty-four-and-a-half hour 
day and a season-making axial tilt which 
is practically identical with that of our 
planet The important distinctive fea¬ 
tures are the planet ^s smaller size and 
consequent lighter atmosphere, and its 
greater distance from the sun, by about 
one half This last feature means, of 
course, that less light, heat and energy 
are received per unit of surface Then 
there are the white polar caps, suggesting 
snow, fog or hoar frost, which appear 
rather suddenly in the Martian winter, 
dwindle away at ragged edges in the 
spring, and sometimes disappear entirely 
in the summer There are the seasonal 
darkening stages of the permanent mark¬ 
ings which suggest the growth and ripen¬ 
ing of vegetation, and which are indeed 
hard to explain under any other hypothe¬ 
sis And finally there are the controver¬ 
sial canals, seen as geometrical lines by 
some and as ill-defined streaks by others, 
but existing at least in the form of broad 
channels which have appeared in photo¬ 
graphs The crux of the argument about 
the canals lies in the fact that the patient 
observer can undoubtedly view more de¬ 
tails through the telescope, in the fleeting 
moments of good seeing, than can be pho¬ 
tographed by a process which averages 
good and bad conditions Eventually, 
perhaps, a lucky photographic shot aided 
by an improved technique allowing 
shorter exposures may yield a clear-cut 
picture which will settle the issue But 
in the meantime it seems fair to state that 
the majority opinion of astronomers has 
tended more and more to the conclusion 
that the odds are in favor of some kind 
of plant life on Mars But on earth ani¬ 
mals eat plants, and plants live on carbon 
dioxide existing primordially in the free 
state or exhaled by animals Perhaps 
there are parallel conditions on Mars It 
18 true that no trace of carbon dioxide 


has as yet been found in the Martian 
atmosphere On the other hand, the 
spectroscope appears to reveal a trace of 
oxygen, and much more seems to have 
been tied up in the oxidation of the red 
Martian surface, like our Painted Desert 
sands. Since in the theory of planetary 
gases oxygen is believed to appear in the 
fret form only as it is liberated by plants, 
this trace of the element is another link 
in the chain of evidence which makes the 
still incomplete case for the thesis of life 
on Mars 

Next on the list of probable life-harbor- 
ers IS the planet Venus, our celestial 
neighbor on the sunward side Less than 
twenty-five million miles from the earth 
when closest, and considerably larger 
than Mars m addition, it would be the 
obvious candidate for the most intensive 
study if it did not, logically enough but 
none the less annoyingly, always turn its 
dark side toward us on these near ap¬ 
proaches A second disconcerting attri¬ 
bute IS a heavy blanketing atmosphere 
which so effectively hides the surface that 
no earth-man knows how often it turns 
around And that apparently minor 
point has a highly important bearing on 
the question of its habitability For if 
one side always faces the body it circles, 
as IS apparently the case with Mercury 
and all minor satellites, that face must be 
unbearably hot, the other side must be 
dark and frigid, and the borders must be 
blasted by endless hurricanes As a mat¬ 
ter of fact, a rotation period equal to 
about thirty of our days is indicated by 
some meager lines of evidence Even m 
the extreme case of a day equal to the 
year, the chances for life on Venus would 
not be hopeless, but in view of an uncer¬ 
tainty about a vital matter which is 
probably only temporary, it seems best 
not to allow this prospect any more of 
our crowded space 

Mercury, nearest known planet to the 
sun, has little or no atmosphere, and also 
has the almost fatal habit of keeping one 
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face toward the celestial furnace. Jupiter 
and Saturn, huge and distant planets 
blanketed by heavy atmospheres which 
seem to be composed largely of ammonia 
and methane gas, are likewise poor pros* 
pects as life*bearers, while their satellites 
and the outer planets are even less prom¬ 
ising One would certainly be rash to 
deny dogmatically that life exists on any 
or all of these places; but it seems safe to 
state that the present odds are against 
the existence of our particular kind of 
life. 

What about the moonf A generation 
ago a schoolboy would have recited the 
conditions thus, with glibness and final¬ 
ity : “The moon is a pock-marked satellite 
of the earth, deceased long ago if she ever 
lived, and now totally without water, 
atmosphere or life “ 

Has the verdict changed 1 Only in the 
not insignificant respect that the proper 
phrase is now “no appreciable atmos¬ 
phere “ Certainly it would be highly 
surprising if the moon were proved to be 
totally airless, since the nearby earth 
receives daily millions of meteorites con- 
tainmg each its quota of gas. There is 
no inconsistency in the probable conse¬ 
quence of this fact and the very clear 
proofs that our satellite is practically 
without air. The question is merely a 
matter of degree—of how much contra¬ 
band gas the moon might smuggle past 
our delicate detecting instruments. In 
the May, 1938, issue of Popular Astron- 
omy appears this statement “As far as 
actual observational evidence goes, it ap¬ 
pears that values of lambda less than two 
times ten to the minus four have not been 
excluded, “ which means m plain English 
that the surface of the moon could, for all 
we know to the contrary, have an atmos¬ 
phere about five thousand times more rare 
than our sea-level air This conclusion 
assumes more importance in connection 
with repeated observations m one lunar 
crater, and, to a lesser degree, in others, 
of daily changes ascribed possibly to some 
low form of moss-like growth. 


A related observation will give some 
hint of how widely ramifying are the 
clues m this great investigation. It is to 
the effect that there are surprisingly few 
indications on the moon of current 
changes due to meteoric bombardment, 
and that no light-fiares from impactmg 
meteors have ever been observed on the 
darkened surface at the new or quarter 
phase. Coupling this development, which 
IS theoretically improbable on the assump¬ 
tion of a totally airless moon, with the 
observed fact that most earth-encounter¬ 
ing meteors are consumed by friction at 
a height at which our own planet ^s atmos¬ 
phere is extremely thin, we arrive at the 
startling conclusion that maybe after all 
the moon gets a little atmospheric pro¬ 
tection from pelting rocks. At least we 
see that the question of barrenness or life 
is not an entirely closed subject, even in 
the case of this nearby rocky outpost. 

And now finally, when we come to the 
endless possibilities for life outside the 
solar system, it may be thought that here 
at least is a field in which we can never 
hope to bring mvestigation to the aid of 
our hopeful surmises. But again this is 
not the case For one line of attack ap¬ 
pears immediately. How likely and how 
frequent, among the uncounted Milky 
Ways of space, is the kind of rare acci¬ 
dent or common celestial occurrence 
which called the earth and its sister plan¬ 
ets into being? This, of course, depends 
upon our explanation of the origin of the 
solar system And, fortunately, so mathe¬ 
matically precise must be the final theory 
in order to account for things as we find 
them, that it can scarcely be false when 
once it is entirely satisfactory Already 
one feature of the final plan has emerged 
clearly and almost unmistakably to give 
us encouragement—^that of a plane deter¬ 
mined by a pomt and a line, the point 
being the sun and the line the path of a 
passing star. 

But the comparative frequency or rare¬ 
ness of a habitable planet like our earth 
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depends also upon many other factors 
which are in the pathway of present in¬ 
vestigations. It depends upon the star 
density, past and present, of our galaxy 
and the millions of others known; upon 
the number and distribution of space 
derelicts—dead suns which might pass 
living ones and leave planetary systems 
in their wake, upon the nature of a 
star's life history, with the working clues 
of variable, bmary and explodmg or 
^‘new" stars. It depends upon the cur¬ 
rently debated existence of living spores 
within the messengers of space—^the free- 
coursmg meteorites—which may even 
now be carrjdng the seeds of life from 
dying worlds to new and fertile fields. 
It depends, in fact, upon the whole astro¬ 
nomical picture now unfolding before us, 
and, less directly but no less certainly, 
upon the entire interlocking field of 
science. 

The question, you will note, centers 
upon the probable number of planetary 
systems per million or billion of suns 
rather than upon the likelihood that our 
particular system has no near-counter¬ 
part m space. Most astronomers to-day 
are inclined to think that a planetary 
family is a comparatively rare phenome¬ 
non in space, but probably no one would 
make the statement stronger than that 
Certainly the whole burden of proof 
would rest upon the rash theorist who 
would make our solar system unique in 


the universe. To get an idea of the 
probabilities involved one has only to 
recall that by a very conservative esti¬ 
mate there are, in the galaxies within 
range of present telescopes, not less 
than one hundred milhon billion suns. 
Enough suns so that, if they were reduced 
individually to the size of buckshot, they 
would fill a line of trucks strung end to 
end from Boston to San Francisco and 
folding back on itself about two hundred 
times. One would be a trifle brash to 
claim special status for the buckshot he 
loves best in this caravan! And when 
one of the chief laws we see in operation 
about us 18 that of repetition, the chance 
that we are not alone in the universe 
seems to border as close upon certainty 
as anything we know that has not been 
proved 

Thus the stage ls set, and the little 
planet Mars is seen to have been given 
undue significance It seems to have life, 
but if this IS a mistake, it doesn't much 
matter after all The important thing, 
astronomically speaking, is that here is 
a sun with at least one inhabited satellite 
—our earth If Mars is as dead as the 
proverbial doornail, we can still look out¬ 
ward with confidence that blind chemical 
forces have not cast us up as living acci¬ 
dents on the huge dead banks of eternity. 
Somewhere in space are many, many 
fellow-travelers on the brief but hopeful 
trek of life. 
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In beginning my discussion of animal 
experimentation, I wish to give initial 
emphasis to the second word of our theme, 
not the first For experimentation, being 
primarily a method of discovery, has not 
only been making extraordinary contri¬ 
butions to our knowledge and culture at 
a constantly increasing rate, but pos¬ 
sesses certain properties of great interest 
quite apart from the materials the ex¬ 
perimenter may select as most suitable 
for his problem Experimentation with 
animals has the same general objective as 
experimentation with plants and with 
materials supplied by inorganic nature 
The materials are of secondary impor¬ 
tance. The problem is the focus of 
interest 

If there is one thing more than another 
that characterizes us all, it is, I suggest, 
our common immersion m a sea of prob¬ 
lems Some of them spring up out of im¬ 
mediately practical individual needs— 
for food and clothing and protection 
from the elements, from disease and from 
each other Some of them belong espe¬ 
cially to family life, awakening questions 
on reproduction and sex and develop¬ 
ment and heredity and the educational 
process Some pertain directly to the 
larger life of the community and nation, 
to crime and corporate behavior and the 
exchange of the stupidities of war for the 
enlightenments of peace And others 
carry us willingly to the frontiers of 
knowledge with only understanding and 
appreciation as our goal 

Whatever our problems, and however 
near or far, we solve them adequately 
only with adequate techniques In early 
childhood, these were miraculously sim¬ 
ple. It was enough to lay our questions 
on our mother ^s knee or some other altar 


similarly consecrated by our gifts of 
faith An authoritative word was our 
sufficient solution, as m the days before 
the dawn of science, when supplication 
usurped investigation's place 
As a matter of history, science did in¬ 
deed show itself clearly above the naive 
intellectual horizon characteristic of 
childhood only when processes began 
seriously to awaken the same sort of com¬ 
pelling interest as the results to which 
they led For the immediate and familiar 
needs of every day, man had been accus¬ 
tomed from time immemorial to use his 
common sense Confronted with less 
familiar issues, remote from his pressing 
creature wants and transcending his 
rule-of-thumb techniques, he had long 
been content to comfort his ignorance 
with supernaturalism The time came, 
however, when reflective minds perceived 
that the gods they had created were no 
less fallible than themselves There fol¬ 
lowed the conviction that intellectual 
security was to be found for practical 
men in the causal mechanisms of events 
rather than in the events themselves 
Though this conviction was expressed 
in highly speculative forms, it was basic 
to scientific progress Six centuries be¬ 
fore Christ the imaginations of a Thales 
and an Anaximander sketched the broad 
outlines of a universe that was for the 
first time self-contained and mechanically 
conceived, capable of investigation from 
within, independent of interference from 
without. Henceforth, scientific knowl¬ 
edge was to accumulate in direct propor¬ 
tion to the development of adequate 
techniques of observation. 

Foremost among these is what we com¬ 
monly call the scientific method. Typi¬ 
cally, it begins with a question, which 
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receives a tentative answer, the hypothe¬ 
sis, that IS then put to a test in the form 
of a critical investigation of the problem 
thus defined It is, par excellence, a 
method of discovery, giving to observa¬ 
tion both motive and direction But dis¬ 
covery may lag Outstanding among 
accelerating devices is the experiment, 
which attains its full importance in the 
investigation of mechanisms and proc¬ 
esses. For the present discussion it may 
be characterized briefly as observation 
under conditions that are chosen, ar¬ 
ranged and controlled by the observer 
himself Experimentation is thus a seri¬ 
ous and aggressive intellectual procedure 
suggesting neither the passive receptive¬ 
ness of a photographic film nor the wan¬ 
ton curiosity of one who kicks a dog to 
see what it will do 

By way of illustration, let me recall 
the story of an experiment with animals 
that was not only a model of simplicity 
and method but historically significant as 
well It began with Homer In the nine¬ 
teenth chapter of the Iliad, he put into 
the mouth of Achilles, mourning over the 
body of Patroclus, a fear lest flies enter 
the latter’s wounds and breed worms 
therein Five centuries later, this com¬ 
mon fact of Homer’s day had apparently 
escaped the attention of Aristotle, who 
accounted for maggots in decaying flesh 
by a spontaneous, or, as Harvey used to 
say, equivocal generation Backed by 
Aristotle’s enormous prestige, this view 
persisted unquestioned by the bookish 
few through the dark vicissitudes of the 
next two thousand years before being put 
to an objective test 

The seventeenth century had arrived, 
with the microscope and the barometer 
and the thermometer and the air pump 
and other devices that promoted quanti¬ 
tative observation and stimulated accu¬ 
rate inquiry Qalileo had been born and 
driven into retirement by ecclesiastical 
authority Not, however, before he had 
made his classical experiments on falling 


bodies. A product of his influence, the 
Accademta del cimento had been organ¬ 
ized, dedicated to the promotion of ex¬ 
perimentation Into this new company 
of explorers, the Tuscan physician Fran¬ 
cesco Redi was admitted. He knew the 
Iliad and the biological books of Aris¬ 
totle He knew also the practice of the 
butchers of his day, who believed that 
their wares could be kept free of worms 
by excluding flies with coverings of cloth. 
‘‘But,” he said in a noteworthy sentence 
from his ‘‘Experiments on the Genera¬ 
tion of Insects” (1668), ‘‘belief would 
be vain without the confirmation of ex¬ 
periment, hence in the middle of July I 
put a snake, some fish, some eels of the 
Arno, and a slice of milk-fcd veal in four 
large wide-mouthed flasks; having well 
closed and sealed them, I then filled the 
same number of flasks m the same way, 
leaving them open ” In so doing, Redi 
provided what we now recognize as an 
essential in every well-conducted experi¬ 
ment—its control He goes on ‘‘It was 
not long before the meat and the fish in 
these second vessels became wormy and 
flics were seen entering and leaving at 
will, but in the closed flasks I did not see 
a worm, though many days had passed 
since the dead flesh had been put in 
them ” Subsequently, Redi improved 
his technique by using a cover of Naples 
veiling that permitted air to enter but 
excluded flies as before In this case he 
had set up an experiment in which the 
covered jar differed from its control m 
one essential only It was an expen- 
mentum cruets, the teclmical ideal of 
every experimenter The results were as 
before So it appeared that the butchers, 
following the ancient Bard, had been 
right, and the philosopher, leaping with 
closed eyes to a conclusion, wrong 

But the possibility of spontaneous gen¬ 
eration had not been eliminated, espe¬ 
cially of those minute organisms first 
revealed by the lenses of Redi’s con¬ 
temporary Leeuwenhoek New experi- 
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ments were forced by criticism to new 
refinements of technique that in turn 
provoked new subtleties of criticism. By 
mid-nineteenth century they had come to 
the ears of the young chemist Pasteur, 
whose later extraordinarily beneficent 
researches on and for animals and man 
need no further reference here. His 
experiments as a bacteriologist extended 
to the limits of microscopic vision the 
conclusions reached by Redi for maggots. 

But further exploration opened up a 
world of still more minute existences. 
Ultramicroscopic bacteriophages and 
viruses, being invisible, were recognized 
by what they did. Many of them have 
now been measured with quite reasonable 
accuracy by methods not requiring them 
to be seen It is still recent news that the 
virus concerned with the propagation of 
the tobacco mosaic disease has been iso¬ 
lated in crystalline form, a prelude to the 
investigation of its composition and 
chemical structure Such discoveries 
have added further impetus to the ex¬ 
ploration of the borderland between the 
living and non-living world already being 
approached from several other directions 
Par more immediate interest, however, is 
being shown in the mechanisms underly¬ 
ing vital activities, than in the possible 
event of spontaneous generation itself. 
Let us leave Bedims problem, then, at this 
point, to consider a modern experiment 
differing from his in motive and mate¬ 
rial, involving a very simple operative 
procedure, and selected especially for its 
striking simplicity in general. 

Recall if you will the microscopic 

bell-animalcule Vorticella, its sub- 
conical body set like a narrow wine glass 
on an excessively slender stem, and its 
free edge bordered by hairlike cilia whose 
rapid beating creates vortices in the 
water drop that is its universe. Always 
a fascinating object to the microscopist, 
it is especially (I had almost said 
doubly) so when in process of division. 

This was as a youngster m my labora¬ 


tory had discovered it, one lunch hour, 
when I found him sharing his attention 
between sandwich and microscope. He 
had made an admirable series of line 
drawings m which one could almost see 
the fission plane pass gradually from the 
ciliated mouth of the ‘‘bell’’ toward the 
stalk. There were now two sub-conical 
bodies not yet fully separated and super¬ 
ficially very much alike On one of them, 
however, there was a second set of cilia, 
near the apex of the bell, which were en¬ 
tirely absent m the other. Furthermore, 
the latter was now in full possession of 
the stalk The fission plane had passed 
a little to one side of it, leaving the indi¬ 
vidual with the new ring of cilia hanging 
to the other by a tenuous protoplasmic 
strand Here, then, was the situation: 
the individual with the new ring of cilia 
lacked a stalk, while the individual with 
the stalk lacked the new cilia. 

What was the explanation of this dif¬ 
ference? It looked as though the stalk 
somehow prevented the appearance of 
the cilia that became visible only in its 
absence Adopting this as a preliminary 
guess or hypothesis—^how was it to be 
tested ? One obvious method was to am¬ 
putate the stalk of a normal individual 
This led, however, to certain technical 
delays Needles must be sharpened to a 
fine cutting edge; and the operator must 
develop skill sufScient to use them in a 
water drop under a reversing microscope 
that made a needle actually entering 
from the right appear to be entenng 
from the left He must also be able to 
put the cutting edge down precisely 
where the stalk joins the body, notwith¬ 
standing complications introduced by the 
usually spasmodic contractions of the 
stalk itself when touched. 

All these obstacles were finally sur¬ 
mounted The debcate operation was 
performed at last with complete success, 
and the vorticella swam directly away 
from its stalk, beU mouth foremost. It 
was on that aspect of the body that it 
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came to rest after several minutes, the 
apex of the bell from which the stalk had 
been cut pointing most fortunately right 
up into the microscope. Fifteen more 
minutes passed Then, unmistakably, 
the beginnings of the expected cilia were 
suggested as a ring of barely visible dots 
These became as we watched them deli¬ 
cate hairhke processes, that as they 
lengthened began to wave slowly and 
rather uncertainly, then faster and faster 
until, full grown and beating m a unified 
rhythm with great rapidity, they bore the 
stalkless body up into the drop, apical 
(i e, stalk) end now m advance 
It was clear that cilia could develop in 
the absence of the stalk. But would they 
persist if the stalk should reappear t The 
answer to this question came when the 
swimming body finally touched and stuck 
to the substratum just where the stalk 
had been cut oflP. For at that point a 
new stalk began to grow out under our 
eyes As it lengthened, carrying the bell 
up with It, the cilia completely disap¬ 
peared by absorption 
The operative experiment in minia¬ 
ture had now reached its immediate 
objective, not, however, without stimu¬ 
lating other questions concerning the 
mechanism controlling this extraordi¬ 
nary alternation of specific structures 
These brought it at once into the com¬ 
pany of a mass of experimental data on 
interdependence of parts and dynamic 
equilibria in living systems that had al¬ 
ready accumulated from many sources, 
especially from the simple plastic organ¬ 
isms of which we have been contemplat¬ 
ing an extreme case 
There is not time to go into this vastly 
interesting field of experimentation It 
can only be said that these studies have 
now progressed in some cases to such a 
point that chemical substances are being 
recognized as important factors m the 
processes of development and differentia¬ 
tion Though we still know little more 
of the cilia-stalk relation in Vorticella 


than the fact itself; and though it still 
remains an absorbing mystery how the 
cut end of a flatworm becomes reorgan¬ 
ized into a new head, it is probable that 
such mechanisms involve chemical factors 
just as they unquestionably do m certain 
other cases The so-called organizer of 
Spemann, for instance, is but one of a 
group of substances whose presence in 
the amphibian embryo at the right times 
and places has been shown to provide the 
necessary conditions for a normal devel¬ 
opment What Claude Bernard first 
called internal secretions, now commonly 
associated with the activities of the duct¬ 
less glands of the higher animals, includ¬ 
ing man, are actually produced to some 
extent by every active cell m the body 
Since the discovery of secretin, we have 
had an intelligible mechanical explana¬ 
tion for the remarkable way in which the 
pancreas pours its characteristic diges¬ 
tive juices into the intestine just as food 
ready for digestion is passing through 
Even the characteristic activation of 
muscles by nerves has recently been 
shown to be produced by such well- 
known substances as adrenalin and 
acetylcholine secreted at their motor 
terminals A small army of investigators 
IS showing, similarly, that characteristic 
sex phenomena involving both form and 
function m men and women are depen¬ 
dent on internal secretions whose compo¬ 
sition in some cases is now well known 
Though it is not within the limitations of 
this paper to describe them more specifi¬ 
cally at this time, it is desirable to sug¬ 
gest that the chemical correlations that 
arc being successfully studied m such 
highly complex organisms as man exist 
also in some appropriate form m every 
organism however minute and simple 
and in every cell 

Other aspects of the gt ncral problem 
are being outlined by students of genet¬ 
ics who are attempting to define more 
clearly the conditions under which the 
genes (constituting the physical basis of 
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heredity) are characteristically active 
This 18 done in the first place by trans¬ 
ferring given tissues—such, for instance, 
as a patch of skin from a fowl or the 
rudiment of an eye from a Drosophila 
larva—from their normal setting to ani¬ 
mals of similar type but different genetic 
constitution, where they must develop 
under conditions not entirely similar to 
those from which they were removed 
Even the behavior of single genes has 
been observed in connection with eye 
color in Drosophila, a subtlety of ap¬ 
proach to the traditional issue between 
heredity and environment that has al¬ 
ready yielded positive results and is 
being pursued, as all fundamental pliy- 
siological problems must be ultimately, 
with the cooperation of chemists Since 
genes are known to react with their near 
neighbors occupying places on the same 
chromosome, such studies promise to 
throw much needed light on some of the 
most fundamental mechanisms of proto¬ 
plasmic organization 

Prom such general considerations, I 
will now ask you to turn with me to an 
investigation of a very special type that 
came under my observation a few weeks 
ago m a New York hospital Its motive 
was initially practical, the method was 
quantitative, calling for a large number 
of carefully controlled measurements of 
physiological processes by means of 
elaborate and finely adjusted apparatus 
over a long period of time, the material 
consisted of a senes of human infants 
prematurely born 

You are aware that the life expectancy 
at birth in this country has increased to 
its present value of about sixty years 
largely through a corresponding decrease 
in infant mortality In 1935, the infant 
death rate within one year of birth was 
less than half what it was m 1915, thus 
reflecting the progress of knowledge and 
improved infant care During the same 
two decades, however, the death rate 
within one month of birth had doubled; 


and the record showed that approxi¬ 
mately sixty-five per cent, of the fatal 
cases had been born prematurely. Such 
figures revealed a public problem of very 
large dimensions They also suggested 
the strategy of investigations now under 
way, in which the requirements of pre¬ 
mature infants occupy places of peculiar 
importance 

In the hospital to which I refer, a suite 
of rooms has been isolated and furnished 
for studies of infant metabolism. In the 
midst of its admirable equipment—^the 
fruit of many years of experience and 
criticism—one could not help thinking 
of the great pioneer Lavoisier, whose 
quantitative studies with balance and 
calorimeter led him to a true conception 
of the role of oxygen in the rusting of 
metals, the burning of inflammable sub¬ 
stances and its relation to the subtler 
combustions continually going on within 
the body itself His measurements of 
the respiratory exchange of gases in man 
at work and rest were the first of the kind 
and laid the foundation for modern res¬ 
piration calorimetry, a familiar clinical 
application of which for the determina¬ 
tion of the basal metabolic rate is now a 
commonplace of medical practice 

In the present case, the calorimeter 
was a small oblong metal box in which an 
infant under observation could be placed, 
comfortably clothed and resting on a lit¬ 
tle mattress so shaped that all excretions 
might be conveniently collected in ioto 
for subsequent investigation There was 
a glass window in the air-tight cover 
An ample measured supply of air, after 
passing through a series of bottles that 
removed all its moisture and carbon 
dioxide, entered at a constant rate by a 
single opening Within the chamber, 
which was kept at a constant tempera¬ 
ture, this air picked up moisture again 
from the lungs and skin of the infant, 
the desired humidity being maintained 
by regulating its rate of flow On leav¬ 
ing the chamber, it passed through an- 
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other set of drying bottles, and in addi¬ 
tion, small samples of air were withdrawn 
by a very ingenious automatic device at 
regular intervals and pooled for quanti¬ 
tative analysis 

Without going farther into details, I 
hope this sketch of the apparatus has 
made clear its design, namely, the most 
accurate possible measurements, under 
the most carefully controlled conditions, 
of everything taken from the air by the 
infant during the period of observation 
and everything eliminated, whether solid, 
liquid or gaseous From such measure¬ 
ments of a long senes of infants, signifi¬ 
cant typical changes in their metabolism 
have been correlated with changes in 
their age And progress has been made 
in two obvious directions, first, in a more 
effective control over the hazards to 
which premature infants are subjected; 
second, in fuller understanding of the 
physiological mechanisms fundamental 
to the development of man and of organ¬ 
isms in general This intimate relation 
between the results that can be used at 
once and those for which no occasion has 
yet been recognized deserves more con¬ 
sideration than we can give it now In¬ 
stead, you will be glad to hear that the 
babies cooperating in this experiment in 
human biology have returned to their 
mothers invariably benefltted physically 
—and by all the usual signs emotionally 
also—^by these brief episodes of service 
to compatriots not yet bom Though 
they slept unconscious of it all, their 
mothers knew what they were doing, were 
always willing and often very proud As 
a result of many investigations along 
similar lines, by many observers, prema¬ 
ture babies no longer die for lack of air- 
conditioned nurseries in well-equipped 
hospitals of the present day 

Another experiment on human mate¬ 
rial came to my attention that same 
evening when we saw “Yellow Jack,” a 
screen version of the famous expedition 
of Walter Reed and his colleagues to 


Cuba that established on a sound experi¬ 
mental foundation the agency of a mos¬ 
quito (Stegomyia) in the dissemination 
of yellow fever and the first great step 
toward its control I shall not recount 
this now familiar and very honorable 
story. What you have seen or may see 
on the screen is entirely authentic as to 
all essential details For the experi¬ 
ments, an organism was needed that was 
itself susceptible to the fever Man alone 
at that time was known to meet that re¬ 
quirement So five enlisted men volun¬ 
teered for this hazardous service, as men 
have always volunteered when the hazard 
and the need were great Would you 
have had them do otherwise ? To-day, we 
know that mice are adequate and far 
more convenient material for experi¬ 
ments still in progress World-wide ex¬ 
ploration for the sources of the disease 
have made it unfortunately clear that the 
magnificent intention of the Rockefeller 
Foundation to destroy it completely can 
not be fulfilled But man can now be 
immunized against it And the method 
now in use, by which several hundreds 
of thousands of individuals have been 
protected, was developed, all Califor¬ 
nians will be interested in recalling, by 
a former secretary of their State Board of 
Health, now director of the International 
Health Division of the Rockefeller Foun¬ 
dation, Dr Wilbur A Sawyer 
Though not one of the five volunteers 
lost his life in the original experiment in 
Cuba, you are aware that one of the staff 
of investigators, Lazear, died; and that 
three other distinguished investigators 
have since been sacrificed Dr Sawyer 
recovered from an infection obtained in 
the course of his investigations Courage 
of this sort has been a commonplace 
among physicians ever sinc^ Thucydides, 
describing the plague of Athens, testified 
as an eye witness that ‘‘physicians died 
themselves most thickly, as they visited 
the sick most often ” It took courage of 
the same order for Reed to issue his call 
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for volunteers Grateful relief is ex¬ 
pressed m these words of his written to 
his wife when the result of the experi¬ 
ment was clear 

. . It has been permitted to me and my as* 

Bistantfl to lift the impenetrable veil that has 
surrounded the causation of this most wonder¬ 
ful, dreadful pest of humanity and to put it on 
a rational and scientiilc basis . . The prater 

that has been mine for 20 years, that I might 
be permitted to do something to alloviate human 
suffering, has been granted. 

During my first days in a physiological 
laboratory, I made the acquaintance of a 
dog who had long been a cheerful source 
of gastric juice delivered as needed 
through a gastric fistula established by 
operation five years before He was 
amiable, had a habit of chasing his tail 
until he became too stout for that exer¬ 
cise, and held an honorable place in our 
regard as a contributing member of the 
scientific staff 

Twenty-five years later, a younger 
relative met a group of dogs at Johns 
Hopkins School of Medicine that had 
been trained to assist in an investigation 
then under way Each of them, as his 
turn came, would jump up on the oper¬ 


ating table, lie down—^wagging his tail 
perhaps—and without being restrained 
in the slightest, would permit the opera¬ 
tor to plunge a hollow needle through the 
chest wall into the heart so as to with¬ 
draw blood directly from that organ. 
This was a routine procedure, many 
times repeated The dogs gave the same 
evidence of pride in performance as dogs 
do that retrieve game or entertain their 
master ^8 friends with tricks Similarly, 
you will recall, dogs helped Pavlov and 
his co-workers through many routine 
experiments in their studies of the physi¬ 
ology of the learning process that brought 
new objective and quantitative methods 
of wide applicability to psychology and 
a new term—the conditioned reflex— 
into our language 

Such contributions to the advancement 
of knowledge give experimental animals 
a place of peculiar importance in human 
affairs The death that frequently over¬ 
takes them does not lessen it On the 
contrary, death acquires from this per¬ 
manent service a certain dignity that 
mere extermination as a community 
problem in the public lethal chamber 
can not ever confer 
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Gestures as a species of human be¬ 
havior have been sadly neglected The 
greatest of psychologists, Wundt and 
Freud, have not exactly neglected them, 
but have done little more than mention 
them Most psychologists completely dis¬ 
regard them Until recently no one tried 
to study them experimentally, and even 
now there are more problems connected 
with them than any psychologist could 
hope to solve m a lifetime 

Every lajmian knows that people ges¬ 
ture, since gestures are commonly em¬ 
ployed in social intercourse Every one 
IS familiar with the fact that some indi¬ 
viduals perform nervous movements or 
possess so-called mannerisms There are, 
however, gestures hardly noticeable to 
the untrained eye, for which no appro¬ 
priate name was known until recently, 
and which differ from the rest IIow 
then can we distinguish the various 
types of gestures from each other ? When 
and why does each type occur? If their 
meaning is clear when they are used in 
communication, what do they mean when 
not so used ? 

Boards of trade use gestures in buying 
and selling grain for future delivery 
With the fingers held vertically brokers 
indicate quantity Each finger is used 
to represent five thousand bushels, and 
as many as twenty-five thousand bushels 
may be represented by four fingers and 
the thumb Movement toward the trader 
means buying; movement away, selling 
For prices there is another code One 
finger extended means one eighth of a 
cent, and so on to five eighths When 
the four fingers are extended, but pressed 
close together, three quarters is indicated 
The clenched hand with the thumb alone 


extended means seven eighths of a cent, 
while the thumb between the index and 
the middle finger is the signal for a split 
quotation 

Scouts have a language of their own 
Throwing both hands up means Nothing 
to fear!*' Holding an open hand aloft, 
and moving the arm from right to left 
and from left to right, a few times, means 
to scouts, ‘ ‘ Attention I ’ ’ Thrusting the 
arm forward means “Stop*’* with both 
policemen and military men Swinging 
the hand from the shoulder across the 
body to the other side, in a horizontal 
direction, means, in military language, 
“Go this way I” 

Gestural expression was common among 
North American Indians They had 
thousands of signs to convey meaning 
without sound, but other peoples have 
also used gestures for this purpose The 
natives of Timbuctoo place two fingers 
astride a finger of the other hand to indi¬ 
cate riding Similarly, when they press a 
heavy head against an open hand, they 
mean “Go to sleep ” Closing the fist 
with the thumb between the index and 
middle fingers indicates derision among 
certain Europeans Turning the back 
and lifting the skirt is a sign of disrespect 
among the French and others Throwing 
the head back and making a chucking 
noise with the tongue signifies negation 
among Turks Massaging the abdomen 
to show satisfaction was common among 
Indians, and is still imitated by our 
youngsters The Ainus of Japan lightly 
tap the nose or the mouth to express sur¬ 
prise, while the Negro Bantus of Africa 
move their hands before the mouth, when 
surprised, and Australian aborigines pro¬ 
trude their lips as if to whistle 
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Ceremonials in various groups have 
relied on gesture for communication of 
meaning and thought Indeed, this type 
of communication had served the purpose 
of social control before government by 
law or canon began to serve that pur¬ 
pose. For instance, the ceremonial in¬ 
volving the expression of affection re¬ 
quires, with us, embracing and kissing 
on the mouth or cheek; but when our 
civilization was still m its beginning 
stages, smelling heads was a sign of affec¬ 
tion among Mongols, rubbing noses 
among the Maori and the Esquimaux, 
pressing mouths and noses upon the 
cheek and inhaling the breath, among the 
Burmese; and smelling heartily of each 
other while juxtaposing noses, among the 
natives of Samoa The informal controls 
represented by these and similar proce¬ 
dures can hardly be matched by those 
social techniques which, though histori¬ 
cally nearer to us, are often less effective 
Gestures, however, have been used for 
purposes of formal control in both primi¬ 
tive and ancient society Witness the 
civilities used to propitiate, in cere¬ 
monial, important personages, kings and 
gods Undressing to signify surrender 
had been a custom among Syrians, and 
to this day in Samoa the natives quickly 
strip themselves to their girdles as a 
sign of surrender The Batokas throw 
themselves on the back, roll from side to 
side, and slap their thighs while doing 
so, to say “You need not subdue me; I 
am subdued ” Turks extend the right 
arm, move it down to the level of their 
heads, while stooping, and lower it again, 
to signify “I place this earth upon my 
head as a sign of submission to you '' 
Joining hands overhead, and bowing, is 
an ancient sign of obeisance among the 
Chinese Stretching one's hands toward 
a person, and striking them together at 
even address, is used by the Congo natives 
to convey the impression of humility 
The Dahomans crawl and shuffle forward, 
walking on all fours, the Pundah and 


Unyanyembans put their palms together 
for the other person to clasp as gently or 
severely as he wishes—all to express 
obedience, humility and the reality of 
social control 

The origin of these symbolic move¬ 
ments, varying with different peoples, is 
not always easy to find, in spite of the 
fact that they seem clear and simple to 
the members of the groups m which they 
are practiced In many cases there exists 
no logical relation between the gestures 
and their meaning This is true of our 
own as well as of the primitive gestures 
listed Thus for example, crossing fin¬ 
gers to ward off evil, among our own 
people, may appear simple enough, but 
actually we are at a loss to explain how 
or why such a sign was put into use 
And why do we shake the index finger 
when some one has displeased us ? Why 
do we beckon to some one to call him 
over, as m the familiar “Hey, waiter I "T 
Why do we clench our fist when we are 
angry t Why do we wave the hand side¬ 
ways to indicate negation t 

J P Dashiell has traced these conven¬ 
tional gestures to meaningful acts which 
were gradually reduced to a few simple 
movements for convenience in communi¬ 
cation Thus crossing fingers is probably 
the easiest way to symbolize a cross, and 
for that reason has been used to challenge 
the authority of the dark and evil powers 
Shaking a finger at some one, likewise, 
originated from the act of shaking up 
offenders who had placed others in an 
angry mood Clenching the fist is prob¬ 
ably an abbreviation of the act of strik¬ 
ing Beckoning to some one is a remnant 
of the act of pulling people by force 
Waving the hand sideways can be traced 
to the act of pushing others bodily aside. 
All those gestures are thus conveniences 
which are understood only because they 
had been fully expressed at one time. 
They are not merely conveniences, but 
genuine signs of social progress, for they 
take the place of acts which, in their 
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more extended forms, represent control 
through force. 

These conventional gestures do not 
appear strange, because they are so com¬ 
mon Other types of gestures, much less 
common, do appear to be strange We 
all know individuals whose pei*sonalities 
have been stamped with certain types of 
movements euphemistically called man¬ 
nerisms These individuals twitch their 
shoulders, twist their faces, rhythmically 
close one or both of their eyes, and show 
similar types of behavior, irrelevant to 
both time and place, in response to a 
habitual form of impulsion which they 
can not inhibit These gestures are 
technically known as tics convulsifs or, 
simply, tics 

Some time ago W C Olson, of Michi¬ 
gan, made a study of the tics of school 
children He watched the children in 
front of the classroom, and by the aid of 
a seating plan, a watch and a pencil kept 
careful record of all movements, such as 
putting fingers in the mouth, picking the 
nose, pulling the ear, fingering the hair, 
etc Only one type of movement was 
observed at a time, but every child who 
displayed the movement within five min¬ 
utes was noted 

Olson found that children behaved in 
very much the same way day in and day 
out, m spite of the fact that the observa¬ 
tions were as much as a week apart 
Even a year later, his records showed, 
some of these habits persisted Olson 
discovered that children reproduce each 
other ^s gestures in certain parts of the 
classroom, thus spreading their nervous 
habits, but he did not claim that imita¬ 
tion was the only cause of their appear¬ 
ance Even more frequently the cause 
IS to be found in persistent irritation and 
emotional shock. 

Psychiatrists have been interested m 
the causes of tics for many years, and 
they have reported success in treating 
individuals afflicted with them An emi¬ 
nent psychiatrist of Baltimore recently 


described to me the case of a patient 
suffering from an uncontrollable shoul¬ 
der-twitch In the course of treatment 
it was found that the patient had been 
frightened by a robber who had come up 
from behind Soon after this associated 
piece of evidence was brought out, the 
twitch disappeared By more or less pro¬ 
tracted methods other tics have been re¬ 
moved Normal people also manifest 
movements which seem to be without 
cause These movements I have called 
autistic (or self-directed) gestures Thus, 
if we yawn when we are not in need of 
sleep, if we wet our lips when these are 
not dry, when we clear our throats 
though no cold or obstruction seems to 
bother us, when we suddenly get an urge 
to snap matches within our reach, or 
when we smooth our hair smooth enough 
to satisfy the most meticulous, do we 
mean to my anything? 

Gestures of this type, because they ap¬ 
pear to be directed to no one outside, 
can not be mistaken for the two types of 
gestures previously mentioned. They are 
not, like conventional gestures, intended 
to convey, by an established technique, 
some obvious meaning They are not, 
like tics, habitual in nature, taking place 
again and again, regardless of time or 
circumstance, and without relevancy to 
the behavior of other people Are they 
merely chance phenomena, “automatic’* 
movements, occurring without special 
(‘ause ? 

Behavior goes on all the time Prom 
the point of view of the observer certain 
acts may seem detached, but as a matter 
of fact there are no empty intervals of 
thought, no incidental acts, in living 
organisms There can be no irrelevant 
behavior from the point of view of the 
actor himself at least This is true, 
whether or not he can ^ ei bally or sub- 
vocally account for the logic of his acts 
What makes these gestures difficult to 
understand is not, then, their “auto¬ 
matic” nature First, it is the absence 
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of prepositions and conjunctions which 
might facilitate their translation into 
language symbols Second, though they 
may resemble words, they are explicit 
acts which are constantly interrupted by 
implicit acts such as thoughts, and other 
explicit acts, such as speech, with which 
they are continuous 
Alexander Luna has pointed out that 
‘‘irrelevant gestures which appear to¬ 
gether with other kinds of reactions are 
‘‘motor storms,^’ and that they indicate 
the presence of mental conflict In any 
conflict an individual is prepared to act 
in two or more ways, but always (unless 
disorganized) acts in one way only Acts 
that are not carried out are repressed 
Repressed acts become emotional atti¬ 
tudes or “complexes ’’ These autistic 
gestures are traceable to complexes which 
are thus drained off, in spite of the solu¬ 
tion which the conflict had received 
In a senes of carefully controlled ex¬ 
periments begun m 1931, the writer has 
shown that autistic gestures, m spite of 
their obscurity, constitute a legitimate 
and possible field of psychological investi¬ 
gation He has demonstrated that ges¬ 
tures can be studied reliably and that 
they recur in a given individual under 
similar conditions He has proved that 
autistic movements have an emotional 
background and that they have a genetic 
history not unrelated to the origin and 
goals of movement in the Jiving organ¬ 
ism generally He has found that these 
gestures bear a definite relation to per¬ 
sonality types At present, by means of 
a somewhat intricate experimental set¬ 
up, he IS attempting to prove that a cer¬ 
tain group of gestures has similar mean¬ 
ings in various individuals These ex¬ 
periments proceed on the assumption 
that, first, there is always a cue in the 
situation which is associated with the 
gestures, and second, that the symbolism 
expressed in the gesture can be under¬ 
stood if we know something of the nature 
of the conflict which the individual ex¬ 
periences at the time he gestures 


There are undoubtedly general mean¬ 
ings conveyed by these autistic gestures 
m individuals having conflicts which are 
similar enough to permit of their inter¬ 
pretation as a group Some gestures, for 
example, imply a suppressed attitude of 
resistance These gestures may be ex¬ 
pected in individuals who can not demon¬ 
strate their hostile attitudes toward a 
social situation or some individual In¬ 
hibiting these attitudes, they present the 
picture of unconscious resistance, never¬ 
theless As an illustration we might take 
clearing the throat A certain profes¬ 
sional man, though a church member, is 
111 a state of conflict with regard to the 
place of religion in his life On one 
occasion, while lecturing, he says. “We 
do not think of medical terms as final 
(pause) or sacred,^' clearing his throat 
It may be observed that the word “sa¬ 
cred *' occurring with the phrase ‘ ‘ medical 
terms, “ had reinstated and immediately 
evoked a state of secret opposition. This 
IS typical of autistic gestures. The word 
which sets off the gesture may have no 
relation to the other words in the sen¬ 
tence, so far as the individual is con¬ 
cerned Hence, the total meaning of the 
sentence is destroyed, while a part of it, 
in the light of the individual’s past ex¬ 
perience, acquires special meaning 

There are autistic gestures which seem 
to suggest that the individual evades the 
present situation, reminiscent of his con¬ 
flict, by symbolically shutting himself 
out of it Recently a large daily carried 
an interview with a state’s attorney 
under fire for favoritism to gangsters. 
The interview began with the following 
description 

Mr 8 was tired 

He hoisted his feet to the top of the work¬ 
table, pushed his spectacles up on his forehead, 
passed a large smoothing gesture over the hnes 
of care in his massive countenance, and looked 
at his questioner with one of those searching 
looks which give you an uncomfortable feeling 
that the gazer is looking through you at some 
person behind you 

Here we find the dominating gesture— 
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passing the hand over the face—to be 
essentially an escape^ or at least an eva¬ 
sion, type of movement, in which the 
actor shuts himself out of the picture 
without actually leaving it 
Finally, we might name a typo of 
gesture in which the individual, unable 
to escape the situation and unable to 
meet it in any other way, recedes to an 
early pleasure-giving stage in which all 
things were possible Thus he can toler¬ 
ate a situation which might otherwise 
prove intolerable A man who had 
sought the chairmanship of a college 
department, but was unable to secure 
it, squats down in the chairman’s seat 
(as if to say I eliminate it), resorting 
to one of the earliest pleasure-giving 
postures which human individuals ac¬ 
quire The body truly speaks This man 
could express his conflict over the place 
which he had been eager to have not only 
without words, but without admitting his 
cravings to any one, including himself 
These are but a few illustrations of 
gestural interpretation It will be ob¬ 
served that the specific reference of a 
gesture, even when so interpreted, is still 
left to be determined If there is re¬ 
sistance on the part of an individual at 
a certain point in conversation, why is 
it there ? If the individual escapes from 
an unpleasant situation, why does he do 
so ? These are matters which only a 
scrupulous analysis of an individuars 
background can reveal, with his own aid 
There are other difficulties In the 
study of gestures, as m the study of all 
human behavior, we find individual dif¬ 
ferences occupying an important place 
We said previously that these uncon¬ 
scious movements might be similarly in¬ 
terpreted only to the extent to which we 
could equate or generalize upon human 
conflicts But some individuals manifest 
persistent gesture patterns which do not 
appear with similar frequency in other 
individuals, showing that, at least quan¬ 
titatively, there is a difference Person¬ 
ality types, as determined by early de¬ 


velopment, possess modes of expression 
which differ from those of other per¬ 
sonalities having conflicts of virtually 
similar general design Thus we see 
that the study of autistic gestures in¬ 
volves all tlie difficulties found in the 
study of human behavior generally and, 
besides, special difficulties due to their 
subtlety and unconscious nature 

An opera-singer once asked the writer 
to teach him the meanings of gestures, 
so that he, the rogue, could understand 
the gestures which he believed certain 
fair ladies were directing at him Of 
course, this request was merely a pro- 
3 ection of his wish that fair ladies might 
make secret representations to him, but, 
in any case, the writer had to beg off, 
for he realized that, under the condi¬ 
tions, many a lady might be accused of 
having motives of which she was not 
only unaware, but which she did not 
even have 

A coed once told a college instructor 
that if he did not stop twisting, stroking 
and pulling a key suspended from his 
watch-chain, she would probably lose her 
balance In this case the instructor’s 
gestures, in spite of tlioir unwittmg 
nature, obviously belonged in a system 
of interstimulation and response The 
young lady, at least vaguely, was aware 
that she was responding to the gestures, 
though neither she nor the mstructor 
knew why she had responded to them as 
she had, why he had performed the 
gestures of which he was guilty, or what 
those gestures had meant Is a conver¬ 
sation of autistic gestures, then, an im¬ 
possibility ? The answer to the question 
depends on the extent to which we may 
expect others to interpret the autistic 
gestures that we make. 

A moderate amount of training may 
enable a person to recognize the subtlest 
types of movement, in so far as direc¬ 
tion 18 concerned. Lip-reading, with and 
without touch, has been found to be 
feasible. Again and again ‘‘mind-read¬ 
ers,” or muscle-readers, have demon- 
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strated that it is possible, by placing 
hands on the head of some person who 
IS informed as to the location of an ob¬ 
ject, and who is instructed to ‘‘think 
hard of where it is,” to be guided to it 
by muscle movement Similarly, it has 
been found possible to select a certain 
card in a deck, tell a number of which 
the subject is thinking, locate a word 
in a volume or trace a pm in a room 
The case of Clever Hans is too well 
known to need much description. The 
claims which had made the animal fa¬ 
mous were properly modified when it 
was revealed that the horse could solve 
an algebraic problem even when the 
problem was written out in another 
room The prerequisites seemed to be 
that some one present know the nature 
of the problem When this was dis¬ 
covered, the head-movements of bystand¬ 
ers were recorded on a kymograph In 
spite of their minuteness, jerks ranging 
from one fifth of a millimeter upward 
could be detected by the horse without 
an mtervening medium The perception 
of subtle cues is now an established fact 
Barring cases of muscle-reading based 
on prearranged schemes, we may say that 
those other instances in which the detec¬ 
tion of minimal cues has been found to 
be a reality, can be explained on the 
grounds of variation of touch and tremor, 
m cases where contact is provided Some 
expert “mind-readers,” of course, may 
not resort to touch at all They depend 
more on auditory cues, such as nasal 
whispering, footsteps or changes in the 
subject's respiration. Where visual cues 
are used, changes of posture, movements 
of eyes and lips and various mimetic cues 
are resorted to In some cases the heat 
radiations of the subject's body have 
been found to be a source of guidance 


In order to respond to a cue, how¬ 
ever, one must be familiar not only with 
the direction of the cue, but with the 
implications of the cue in his own be¬ 
havior The obtuseness of cats directed 
to an object by an outstretched arm or 
by the fixed gaze of their master is fa¬ 
miliar to all who have dealt with cats. 
Neither will human individuals always 
respond to cues in their environment. 
The embarrassment of people who are 
given signs which have not been pre¬ 
arranged and whose meanings they do 
not understand, because they get no 
warmth of recognition from them, is well 
known to all What is true of language, 
of artistic paintings, of collective repre¬ 
sentations of unfamiliar groups is also 
true of gestures. In an ultimate sense 
we do not know what symbols signify, 
unless we know what confiicts originally 
forced their inhibition and symbolic 
existence 

Theoretically, autistic gestures occur 
because they give us temporary relief 
from tension and conflict To gesture 
means to think frankly along certain 
lines, and to express our thoughts witli 
impunity By means of self-directed 
gestures we can say things about our¬ 
selves which we are loath to regard as 
attempts at personal advertising We 
can, furthermore, say things about oth¬ 
ers, in their very presence, which we are 
loath to admit as possible The fact that 
we can act without admitting even to 
ourselves that what we do has meaning 
IS precisely the reason that other peo¬ 
ple's gestures are beyond our compre¬ 
hension We understand the conven¬ 
tional gestures of others, because our 
own conventional gestures are clear to 
us If we could understand our own 
autistic gestures, we might understand 
the autistic gestures of other people 
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In the last year or two several articles 
have appeared, mostly in our leading 
popular magazines, finding fault with 
our college education Most of them have 
taken the ground that the college or uni¬ 
versity was not accomplishing what it 
should, that men of true culture were not 
being produced, and that the training 
given was narrow and not in keeping 
with the present advance of ideas and 
ideals generally 

On the whole, the articles seem to 
be destructive rather than constructive. 
Certainly the reverence for things past is 
to-day much less than it was a few years 
ago, and there is nothing particularly 
new or startling in the idea that we must 
discard what has been built up through 
years of effort and evolved by the human 
race by long and arduous experience At 
present in Europe all the rights and privi¬ 
leges we used to think belonged to na¬ 
tions and peoples have been forgotten, 
and it seems, too, as if every principle of 
economics was abandoned for new un¬ 
tried ideas or for discarded old ones 
brought forward again as something 
original 

All we have to do is listen to some of 
the present-day music to appreciate what 
has happened to the established rules of 
harmony, counterpoint and form No 
tonality, no vestige of a pure chord, 
violent and amazing rhythms It may 
be a sign and symbol of the times that 
much of our music has become mecha¬ 
nistic and cubical, without significance of 
form In the past as musical thought de¬ 
veloped, we have had to modify our con¬ 
ception of what music should be, to give 
scope enough to allow a composer to com¬ 
pletely express himself; which he might 
be unable to do in a more restricted form 


and medium However, a slow develop¬ 
ment is one thing, but the sudden aban¬ 
donment of all that has gone before is 
quite another thing Our extremists m 
music to-day have discarded every rule 
and thrown away all that has been de¬ 
veloped in the past, and started anew 
from the beginning Such a procedure is 
not only a tremendous waste of the labor 
and work which we have inherited, but it 
IS an actual loss of civilization. 

What IS civilization but a mass of data, 
knowledge and traditions left to us, 
which, instead of discarding, we should 
use and try to improve upon! Why do 
we admire one work of art more than 
another? Because we have been edu¬ 
cated to certain standards, left by the 
great artists of the past, and we compare 
new works with these old standards We 
may not know that we are doing so, the 
process of comparison may be entirely 
unconscious, but if it were not for these 
standards, we should simply be un¬ 
civilized 

Of course, standards may change or be 
wrong The psychologist speaks of 

fixed ideas Take, for example, the 
enormous debt which has been put on this 
country in the last few years For a time 
everybody was talking about it, and we 
deplored and condemned it because 
everybody else did, but now we begin to 
take for granted that it must be, at least 
we hear little or nothing said about it. 
We accept it because everybody else ac¬ 
cepts it However, because some of our 
standards may be thoughtlessly accepted, 
it does not follow that we do not have 
standards or could do without them 

The above is merely given as an illus¬ 
tration of what has occurred in one de¬ 
partment of art Many other examples 
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could be quoted, for our whole philos¬ 
ophy of life seems to have become unset¬ 
tled and confused. Perhaps this is an 
aftermath of the terrible suffering the 
world war caused, and which by pushing 
us back towards a barbarian stage has 
brought out again those primitive in¬ 
stincts and passions that are still deep 
down in us all Whatever the cause, 
there is a great tendency everywhere to 
abandon all conservatism and for our 
liberals and radicals to become anar¬ 
chists Is it any wonder, then, that the 
field of education has come in for its 
share of criticism? 

There is no doubt that institutions of 
learning become rigid or crystallized 
They have, through long years of experi¬ 
ence, found that certain methods and 
procedures in teaching are good, and 
naturally they hold to these standards 
which they have set up and in which they 
have confidence An individual or small 
group of individuals can easily change 
ideas or view-points, but our established 
colleges do tend to get into an inflexible 
mold, so that any considerable change 
must come about very slowly And 
gradual changes in educational matters 
are taking place For example, of late 
years our technical and engineering col¬ 
leges have introduced more and more 
general or so-called **cultural’' studies 
among the strictly technical ones We 
also find the idea growing that civiliza¬ 
tion 18 likely to go to pieces unless man 
can be motivated by reason instead of by 
emotion If it were possible to replace 
our politicians of to-day by men who had 
a scientific attitude of mind, our prob¬ 
lems of government and society would be 
attacked in a more logical and less emo¬ 
tional manner Selfishness and dishon¬ 
esty will probably always be with us, but 
a true scientist can not accept what he 
knows to be false and wrong, otherwise 
he is not a scientist. Furthermore, he 
studies the problems in an impersonal 
way Enough men of this type would 


bring order out of a chaotic world. Some 
of our colleges are introducing courses in 
social science to accomplish such results. 
For example, the Carnegie Institute of 
Technology has established the Maurice 
Falk Professorship of Social Relations 

If our colleges really have become as 
rigid as some persons allege, let us con¬ 
sider in detail a few of their criticisms. 
The first is that the college is going 
blindly ahead and does not know what its 
objective is. In other words, have we an 
objective, and what are we trying to do 
in education? 

Of course, it goes without saying that 
we are trying to educate our students; 
but the word ‘‘educate” has such a wide 
dictionary definition that it means dif¬ 
ferent things to different people Per¬ 
haps most of us would agree that we are 
primarily trying to develop the student. 
A general conception of the process of 
education might be somewhat as follows. 
The student comes to college with an un¬ 
formed mind, lacking m logical opinions, 
unsure of his knowledge, with his values 
of life and things in general uncertain; 
and after four years of study and train¬ 
ing he has acquired “poise,” developed 
his opinions, corrected his values of life 
and molded his character In other 
words, he has learned how to study and 
how to think and reason 

Perhaps most educators would accept 
in a general way some such statement as 
a definition of the aim and meaning of 
education, and so perhaps this answers 
the question of what the colleges are try¬ 
ing to do, at least, so far as their funda¬ 
mental objective is concerned But al¬ 
though we may know what we want to 
do, how to do it 18 the real question; and 
here it is that opinions and ideas differ 
greatly On the one hand, some believe 
that the kind and type of subject taught 
to the student makes no difference what¬ 
soever; on the other hand, some want 
nothing but scientific subjects given; 
while others would replace these with the 
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so-called cultural studies And so it goes, 
with all sorts of opinions, even to the 
advocate of physical education who be¬ 
lieves that it should have the most promi¬ 
nent place 

A second criticism made against the 
college 18 that it does not make useful 
men. Of course, such a generalization 
would be impossible to prove Just what 
usefulness is, and whether college men 
succeed better in life than those without 
a college education, would involve a defi¬ 
nition of ‘‘success Counts of the num¬ 
ber of college men listed in “Who^s 
Who’* and lists of college men receiving 
high salaries may be illuminating, but 
not conclusive proof There is an im¬ 
pression among many people that a col¬ 
lege education may make a happier man, 
but spoils him as a money maker and a 
successful business man Without spend¬ 
ing time over such a controversial state¬ 
ment, consider the following experience 
of a dean in one of our large engineering 
colleges 

This dean was sitting in his oflSce one 
day when in came a man who had gradu¬ 
ated from this institution some two or 
three years before The graduate said 
“Dean, why don't you put more tech¬ 
nical studies m your engineering courses f 
What a man needs when he gets out in 
the world is a knowledge of things that 
can be turned to use and that will make 
him more valuable to his employer “ 

The next day a graduate who was con¬ 
siderably older and had been graduated 
some fifteen years came into the dean's 
office He said: “Dean, I can’t under¬ 
stand why it 18 that you put so many 
technical subjects into your courses. 
What a man needs is not so much tech¬ 
nical matter, which he can not help pick¬ 
ing up in his practice, but broader sub¬ 
jects which he can not easily get outside 
of college." 

The third day a man who had been 
graduated some thirty-five or forty years 
came in He said • ‘ ‘ Dean, I tell you what 


you ought to put into your courses, and 
that is philosophy." 

In discussing what kind of studies and 
training should be given (and this is par¬ 
ticularly true of the technical school), 
the question always arises. Why can not 
the student's mind be developed by 
studying useful subjects? Or, to state 
it in another way How much of educa¬ 
tion should be devoted to training the stu¬ 
dent to make a living? The economic 
side must of necessity be of interest both 
to the student and to industry Ask the 
ordinary engineering student why he 
chose to go to a technical instead of to 
an academic college, and the majority of 
answers will be, because he thinks that 
the technical school will fit him for a job 
after graduation And even if the stu¬ 
dent is not thinking actually in dollars 
and cents, he still has an underlying feel¬ 
ing that it gives him a profession or voca¬ 
tion, which really is an economic reason. 
A great many young students have some¬ 
how gotten the idea that education is a 
matter of acquiring a great mass of facts, 
and that is all that is necessary to assure 
making their fortunes after graduation 
Thus the economic problem is one which 
young men are thinking about, and the 
educator can not safely neglect it 
If the above-mentioned dean were 
asked if he considered cultural studies 
necessary in an engineering course, he 
would undoubtedly say that he did. He 
might give as Ins reasons that men who 
study in one field only become highly 
specialized and narrow, and that they 
lack breadth of knowledge and do not 
appreciate the bearing or influence of 
other fields on their ovm Furthermore, 
such subjects as literature, history and 
the like round out the student and help 
greatly in developing his character, show 
him how to get more out of life, and in¬ 
terest him m human affairs and make 
him a better citizen generally 

This is the type of argument usually 
advanced; but the dean might have taken 
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a very different line He might have 
argued from a very practical standpoint. 
Take, for instance, a graduate who has a 
good technical knowledge, but knows 
little of literature and who has a poor 
command of English. This is not by any 
means the chance student, for any one 
familiar with our great technical colleges 
knows that such a man is quite a common 
product As some pessimist has said, 
“He can not write, he can not read, all 
he knows is gears and wheels “ It is not 
as bad as this, but this type of graduate 
we all recognize If such a man is to re¬ 
main a mechanic and work by himself 
over inanimate things, he may keep along 
the even tenor of his way, but suppose he 
is taken into an oflSce and asked to write 
the specifications for a machine He can 
not do it, not because he lacks the tech¬ 
nical knowledge, but because he can not 
express his ideas m English In other 
words, it does not make any difference 
what his technical knowledge is, to be of 
value to his employer he must also know 
English 

Suppose again this man is asked to sell 
a machine As we all know, there is 
something besides technical knowledge 
that makes a salesman Broadly, there 
are two types One type of salesman 
comes to his customer and says “Here 
are the specifications for the engine you 
need I do not know much about them, 
but my firm turns out the very best engine 
made Come along and have lunch with 
me.“ The other type may not have ad¬ 
dress enough to ask a customer to lunch 
with him, and would not know what to do 
if he did, but he may know the details of 
the engine perfectly 

Now which of these men will sell the 
engine f It may depend somewhat on the 
type of buyer, but generally, the man 
who can talk, in spite of his technical 
ignorance We see this everywhere, the 
man who knows the most is not the man 
who sells the most As a soap manufac¬ 
turer says: “Any fool can make soap, but 
it takes a genius to sell it “ 


Take, for example, a prospective cus¬ 
tomer of the nervous type who has a long, 
thin face Such a man is quick in his 
movements and actions, and not only is he 
quick physically, but he is a quick thinker 
as well This man will not listen to the 
details of a long specification He wants 
to jump at his conclusions, and if you 
suggest things to him, letting him give 
you the answer, he is often flattered. 
Whereas the man with the large, square 
face, more of the lymphatic type, is gen¬ 
erally a slow thinker and will follow your 
explanation through detail after detail. 
It would be useless to explain a blueprint 
to the first man, while the second will be 
interested. Between these two extremes 
there is every combination 

One of the most successful technical 
salesmen this country has produced 
started out as an office boy in an eastern 
railroad office He never had any scien¬ 
tific training, and what little technical 
knowledge he possessed he picked up as 
he went along But he had that wonder¬ 
ful intuitive knowledge of human nature 
that IS so rare When he talked with a 
customer, he unconsciously felt the type 
of man he was talking to, and somehow 
fitted himself into the man’s mood. 
Every one liked him He had that in¬ 
tangible thing we call “personality.” 

Do not misunderstand nor think that 
this is written in disparagement of tech¬ 
nical knowledge Not at all, for the ideal 
salesman must combine technical knowl¬ 
edge with a broad human knowledge 
Superintendents and operating men often 
have a tendency to look down on the tech¬ 
nical salesman, but after all, is not the 
president or high official of a manufac¬ 
turing concern a good salesman t One of 
the reasons why he is where he is, is that 
he can “put over” his ideas Whatever 
truth there is in the old saying, “Sales¬ 
men are born, and not made,” it is cer¬ 
tain that the college can help a very great 
deal in developing what talent the stu¬ 
dent has 

The above is merely a strong argument 
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for introducing more cultural subjects 
into our engineering colleges, and also 
for broadening the student as much as 
possible. Many students get as much 
perhaps by contacts with other students 
and with teachers as they do from stud¬ 
ies, and certain college activities also 
help to broaden the student’s horizon A 
truer estimate of a student can generally 
be obtained from his fellow students than 
from the faculty, because the student 
body in their judgment takes into ac¬ 
count all those qualities which go to make 
up his character and personality, while 
the faculty, knowing his scholastic attain¬ 
ments better than his other qualities, 
judge him in a narrower way 

So breadth of knowledge is necessary 
in the engineer, as well as technical in¬ 
formation Not long ago the head of one 
of our large industrial corporations made 
the following statement **We can get 
plenty of men who are technically com¬ 
petent, wlio are careful and thorough m 
their investigations, whose conclusions 
are sound, but who can not make a favor¬ 
able impression before a board of direc¬ 
tors We can get plenty of lawyers who, 
after being properly coached by our engi¬ 
neers, can glibly and even convincingly 
talk to the same board of directors, until 
some question is asked which has not been 
covered m the process of coaching, then 
they too flounder about If we could 
secure a man who possessed the conscien¬ 
tious thoroughness and accuracy of the 
engineer, and also the facility of expres¬ 
sion and persuasiveness of the lawyer, we 
could afford to pay him any salary he 
might ask ” 

Obviously, therefore, a college must do 
something beside teach specialization A 
compromise must be made to meet the 
needs of various students Referring 
again to the above three men who inter¬ 
viewed the dean, each of these men had 
his needs The youngest man had to 
make a living, the older man, in a respon¬ 
sible position, was not interested in de¬ 
tails but in breadth of view, while the 


last man had perhaps become more inter¬ 
ested in the broad principles of life It 
would seem, then, that there is a cycle 
that most graduates go through m after 
life And this seems quite a reasonable 
conclusion, inasmuch as almost every¬ 
thing we know of goes in a cycle, from a 
solar system down to human life, and as 
education is part and parcel of our life 
history, as a man gets on in life his knowl¬ 
edge and outlook change It is a com¬ 
monplace that men of the same age natu¬ 
rally find more in common to talk about. 
Old men do not as a rule associate with 
young men 

One other criticism which has been 
made against the college is the lack of 
thoroughness of teaching, and this is per¬ 
haps the most valid of all the criticisms 
and the hardest to answer It may be 
that many of our educational institutions 
try to cover too much ground Speciali¬ 
zation and the constantly growing body 
of knowledge have placed the college in a 
very diflScult position This is especially 
true of engineering colleges, for they feel 
that a certain amount of ground must be 
covered by the student and the tendency 
IS to jam him over it We sometimes lose 
sight of the development and training of 
the student’s mind, by thinking that the 
necessary thing is to fill him up with 
knowledge To push a student over 
ground but half understood surely is not 
properly education at all In addition, 
it teaches him bad and careless habits of 
thought and produces a mind improperly 
trained One subject which the student 
has really grasped is worth more to him 
than the hazy smattering of a great many. 
Is not a scholar one who knows what he 
does know ? It would be a great deal bet¬ 
ter to cover less ground, and make sure 
that what is gone over is really under¬ 
stood Suppose we do not teach as many 
subjects No college can turn out a 
finished man in any line The graduate 
will find, no matter what he takes up, 
that further study is necessary. If a cer- 
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tarn subject has not been covered m his 
college course, he can, if he has the proper 
fundamental knowledge, get it for him* 
self. No college can cover all human 
knowledge, and education does not stop 
at graduation 

Of course, the personality and experi¬ 
ence of the teacher count, but after all, 
no matter how good the teacher, he must 
be given the necessary time to present his 
subject and the student tlie necessary 
time to properly digest it. Every teacher 
knows that there are certain students who 
get along with enough coaching to pass 
routine examinations, but who really 
have no true grasp of the subject 

Some day the college course of four 
years may be lengthened, and there are a 
large number of students to-day who take 
postgraduate courses Many students go 
first to an academic college, and then 
finish m a scientific or technical college 
However, many valid objections can be 
raised against increasing the time spent 
m college, and it seems likely that we will 
retain the present four-year length for 
college education at least for the present. 
At any rate, the best way to improve our 
education would be to teach less, but 
teach thoroughly what we do teach. 

Summarizing what has been said • 


(1) College education is fundamen¬ 
tally a matter of student development, 
not of the amount of knowledge acquired. 
It is not the accumulation of facts, but a 
training in methods of thought. Facts 
can be acquired outside, but the function 
of the college is to teach how to reason 
and think Most colleges do this at the 
present time; and therefore the criticism 
that the college has no objective is not a 
valid criticism 

(2) The idea held by many people, par¬ 
ticularly young engineers, that cultural 
or liberalizing studies have no practical 
value, IS entirely wrong On the con¬ 
trary, they have a very great practical 
value and help directly in making a liv¬ 
ing Criticisms that our colleges do not 
turn out useful men are not well founded. 

(3) It IS better to teach a few subjects 
thoroughly, rather than to try to cover a 
certain amount of ground regardless of 
quality Such methods make careless 
and inaccurate men Criticisms of this 
kind do have a certain validity. Some of 
our colleges, particularly some of our 
technical schools, seem to believe that the 
student is not properly trained for his 
profession, unless a certain ground has 
been covered Such criticisms are profit¬ 
able and constructive 





BOOKS ON SCIENCE FOR LAYMEN 


CIVILIZATION AGAINST CANCER' 

Dr. Little has undertaken a difScult 
task in assuming the burden of instruct¬ 
ing the layman in modem aspects of 
cancer research and at the same time out¬ 
lining for him the difficulties which arise 
in schemes for cancer control—difficulties 
which are not only financial but also 
human In so doing he has produced a 
readable book and one rather brimming 
with optimism In fact one gets the im¬ 
pression that we are very much “on our 
way“ toward speedy control of this 
group of diseases—an attitude less shared 
by those who have to face the ever-m- 
creasing mortality figures from cancer 
Still it IS impossible for one who he^ads 
the American Society for the Control of 
Cancer to assume a pessimistic mood 
toward the problem to which he has dedi¬ 
cated himself 

The book arouses several reactions m 
the mind of the reviewer IIow impos¬ 
sible it IS for the individual to follow Dr 
Little’s advice to “Train yourself to over¬ 
come fear by disciplining your mind to 
face and consider I he possibilities of can¬ 
cer before they become actualities “ The 
average human being just won’t do this 
His mind can not be trained to anticipate 
lethal disease, and a brain so conditioned 
is a psychiatric problem Again, there 
are the rules for increasing one’s chance 
of avoiding cancer The first three rules 
pertaining to oral cleanliness and dental 
hygiene, removal of certain moles, and 
protection of the skin from excessive solar 
radiation, are sound and firmly attested 
by long experience The remaining five, 
although usually stated as means of 
avoiding cancer, are, with the possible 
exception of the seventh, which pertains 
to gynecologic hygiene, wholly vague and 
unconvincing. Tight brassieres are men¬ 
tioned In the old days it used to be the 
steel corset stay, but now that menace has 
been removed by stylists and yet we have 
the same incidence or possibly a higher 
incidence of mammary cancer The rela- 

1 C%vilv»atu>n against Cancer» By C. 0. Little. 
VI+ 750 pp. $1.50. Farrar and Binohart 


tion between gastric cancer and overeat¬ 
ing is improbable. Did not primitive 
man gorge and do not less civilized peo¬ 
ples stuff when the occasion arises and 
otherwise fastt ,The feeding habits of 
English royalty in the days of the eighth 
Henry, as portrayed by Charles Laugh¬ 
ton, seem to have been such that they all 
should have died of gastric cancer, and 
as for the effect of concentrated urine 
on development of bladder cancer one 
must remember that the dog is a source 
of experimental betanaphthylamm blad¬ 
der cancer, and yet no animal according 
to common observation has less tendency 
to retain urine m the bladder than has 
man’s best friend. 

These musings of the reviewer only go 
to show how vague the causes of human 
cancer really arc When we come to ex¬ 
perimental can(‘er, be the predominant 
factor heredity or be it a phenanthrene 
ring compound, we are on firm ground at 
least so far as present knowledge extends, 
and the contrast between that sort of 
knowledge and rank medical superstition 
IS obvious from Di* Little’s book Speak¬ 
ing of medical superstition, Dr. Little’s 
illustration of the stuffiness of meetings 
of distinguished medical men is refresh¬ 
ing to the initiated 

A notable event in the annals of cancer 
took place with the presentation of Pey- 
rilhe’s essay before the Lyon Academy 
m the late eighteenth century—an essay 
written in response to the question, Qu*est 
ce que le cancerf Dr, Little’s book an¬ 
swers it again for the layman and shows 
the progress made since that day, and 
above all how far we still must go before 
humanity can be satisfied. The humorous 
excursions of the reviewer do not detract 
from the value of the book 

Fred ^ Stewart 

FUNDAMENTALS OF^THE PETRO¬ 
LEUM INDUSTRY^ 

The experience of the author, pri¬ 
marily in the production of petroleum, 
^ Fundament ala of the Petroleum Industry 
By Dorsey Hager. Illustrated, xvii + 446 pp 
$3 50, McGraw-Hill Book Company 
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qualifies him for undertaking a compre¬ 
hensive general treatise on the petroleum 
industry. Although the first three chap¬ 
ters, dealing with the place of petroleum 
in modern world economy, the history of 
the industry and the corporation organi¬ 
zation of the industry as a business, are 
neither as well written nor as well organ¬ 
ized as later chapters of the book, they 
contain a considerable amount of statis¬ 
tical data illustrating the growth anti 
present importance of tlie industry The 
13 billion dollar investment in the indus¬ 
try in the United States and the estimate 
that the energy obtained fhmi crude oil 
18 more than ten times the energy ob¬ 
tained from water power in the country 
are among the data given as proof of the 
importance of petroleum 

Mr Hager has arrived at a more opti¬ 
mistic point of view regarding the future 
supply of crude oil than most experts m 
this field, but his method of approach to 
the problem is interesting He points 
out that exploration has been more ex¬ 
tensive 111 the United States than m any 
other country and that the area of the 
United States is about one fourteenth 
that of foreign lauds, excluding Green¬ 
land and other polar lands covered with 
ice sheets He then applies this factor 
to the estimated future oil recovery of 
the United States to obtain a rough esti¬ 
mate of the future reserves to be dis¬ 
covered m the world as a whole. Two 
criticisms of this method of approach are 
immediately apparent First, since the 
original oil reserves in most foreign fields 
have been only slightly depleted, a more 
correct base for the application of the 
area factor would be the iiltiniato re¬ 
covery of the United Slates, composed of 
about 20 billion barrels of past produc¬ 
tion plus the estimated future production 
Second, a more fundamental criticism 
may be made of the use of total land areas 
as a basis of comparison As is shown 
by the tabulation of proven reserves for 
the United States prepared by the Amer¬ 
ican Petroleum Institute and included in 


Mr Hager's book, about 80 per cent, of 
the total IS available m Texas, California 
and Oklahoma As is well known to 
petroleum geologists, the great accumula¬ 
tion of oil in these states is due to the 
presence of basin areas in which great 
thicknesses of young and slightly altered 
marine secliments remain. There is no 
present basis for anticipating the dis¬ 
covery of important oil reserves except 
in areas having similarly favorable re¬ 
gional geologic conditions 

The sections of the book on the amount 
of oil recovered per acre and the acquisi¬ 
tion of oil lands and royalties should 
serve to show a potential investor in 
properties of this sort that there is a wide 
range in their value and that investments 
should be made only after approval by 
competent experts Although the busi¬ 
ness of producing oil and particularly of 
drilling and completing wells is given 
much greater emphasis and in much 
greater detail than is justified by its place 
111 the industiy as a whole, this lack of 
balance reflects the experience and point 
of \iew of the author and may conform 
to the lelative interest of the average 
rcailer These chHptei*s are well organ¬ 
ized and well written 

The chapters on transportation and 
storage would have been more useful if 
the accessibility of the major oil-consum- 
nig eastern industrial region to marine 
transportation and the advantage of 
cheap ocean tiansport for petroleum to 
fields near tidewater both in the United 
States and in foreign countries had been 
fully discussed. 

The chapter on oil refining would have 
been improved by a few paragraphs 
pointing out the relationship between 
refining methods and crude oil require¬ 
ments Due to improvements m refining 
processes there is to-day less difference 
111 the refining value of different types of 
crude oil than at any previous time The 
author might well have discussed at more 
length the effect of changes in refining 
methods on the demand for crude oil 
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Not only does cracking produce more 
gasoline per barrel of crude oil, as pointed 
out by the author, but improvement in 
the burning characteristics of the motor 
fuel produced has enabled motor manu¬ 
facturers to design and build motors with 
higher compression. Such motors have 
higher efficiency and tend to reduce crude 
oil requirements 

In summary, although as indicated 
‘‘Fundamentals of the Petroleum Indus¬ 
try’’ would be improved considerably by 
a different treatment of some of the sub¬ 
ject-matter, it is mainly sound and well 
written. It merits reading by those in¬ 
terested in this important industry. 

OailP Moulton 

PROM MUSCLE TO STEAM^ 

Onl has only to read this excellent 
book to realize what a transformation of 
the world has been brought about m 150 
years and mostly within 75 years by 
steam and electricity Although the 
author has written a straightforward ac¬ 
count of the development of the steam 
engine from the time of the experiments 
with air pumps by von Guericke (1602- 
86) to the present tune, fortunately he 
has done it with such clarit> and with so 
many human touches that his storv will 
be as interesting to the layman as to the 
scientist No one can read that stor> 
without realizing that during the past 
two centuries the human race has passed 
through the most important peruxl of it« 
history Nor will one doubt that in the 
perspective of some distant future the 
political struggles that liave attracted, 
and now attract, the attention of the 
world have been of relatively trivial im¬ 
portance 

It IS generally believed that James 
Watt, after noticing steam raising the 
cover of a tea kettle, was suddenly in¬ 
spired (1765) with the conception of the 
steam engine and constructed one That 

1 A Short Hmiory of the Steam "Rngxne, By 
H W Dickinson xvi + 255 pp , 78 figures + x 
plates. Cambridge University Press (Macmillan 
Company) $3 50 


story IS on a parity with the one that a 
falling apple led Newton to the discovery 
of the law of gravitation As a matter 
of fact, approaches had been made to the 
principles that underlie the steam engine 
for nearly 300 years Among those who 
were working on the problem Thomas 
Savery (1650-1715) and Elias Newcomen 
(1663-1729) stand fii*st Each produced 
and operated complete engines 
Both Savery and Newcomen made use 
of the pressure of the air instead of the 
pressure of steam to operate their en¬ 
gines They first displaced the air in 
cylinders by steam and then condensed 
the steam The great advance in prin¬ 
ciple introduced by Watt in 1765 was 
that he employed the pressure of steam 
against the pressure of air on the oppo¬ 
site side of the cylinder head, and later 
steam engines used both principles 
There is a wide-spread belief, due in 
part to recent governmental propaganda, 
that water power is not only much 
cheaper than steam power but a rival of 
it In 3929, according to figures released 
by the Woild Power Conference, 79 1 per 
cent of all mechanical energy generated 
in the world was produced by coal, 35 7 
per cent by petroleum and only 5 1 per 
cent by water The installed capacity 
of water power, however, was about 60 
per cent of that of steam, the low pro¬ 
duction of energy being due to the fact 
that generallv water power is seasonal 
III that fact lies its relatively high cost 
As interesting as the early history of 
the steam engine is, it is no more fascinat¬ 
ing than the recent developments of high 
pressure boilers and steam turbines 
Since all these phases of the evolution of 
the steam engine are thoroughly covered 
by the author, including quantitative re¬ 
sults, the book gives a valuable survey 
for the engineer, as well as a thrilling 
story for the intelligent person who is 
interested m the forces that are molding 
our civilization 

P R M. 
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THE PROGRESS OF SCIENCE 

ENRICO FERUI—NOBEL PRIZE HAN IN PHYSICS POR 193$ 


Tub award of the 1938 Nobel prize for 
physics to an Italian physicist, Enrico 
Permi, surprised no one, for he was as 
clearly m^irked for attention by the 
awarding academy as was, for example, 
his sole Italian predecessor, Ouglielmo 
Marconi, when he received the award in 
1910 The immediate basis of the award 
to Fermi was the discovery of atomic 
transmutations that can be brought about 
by the addition of neutrons 1o the nuclei 
of atoms, and the brilliant series of ex¬ 
perimental researches on these transmu¬ 
tations and on the properties of neutrons 
winch he, with his collaborators, accom¬ 
plished at the University of Rome in the 
years 1934 to 1938 The production of 
many kinds of new radioactive atoms, the 
discovery of the effectiveness of slow or 
praclicalb’^ stationary neutrons in com¬ 
bining with surrounding atomic nuclei 
to form these new radioactive a tonus, gave 
an enormous stimulus to research on the 
nature of the nuclei of atoms, the stor\ 
of whicdi can not be attempted here 
Perrni is 37 years of age He was a 
Roman boy and attended the usual suc¬ 
cession of schools in Rome At the age ot 
thirteen he developed a great interest in 
mathematics Guided by an engincei 
friend he read and mastered more mathe¬ 
matics, even before he went at the age of 
seventeen to the Sciiola Normale Hu- 
periore at Pisa on a scholarship, than he 
was required to learn in attaining the 
doctor^8 degree in thcoietical jihvsics 
From boyhood he had also a lively inter¬ 
est in experimental physics Few of the 
Nobel prize winners in physics have been 
men so thoroughly at home in both theo¬ 
retical and experimental research 

After graduating from Pisa in 1922 
he went to Gottingen to studv, princi¬ 
pally with Max Born, for seven months 
It was the time just preceding the devel¬ 


opment of wave mechanics and the un¬ 
certainty ])rinciple, when the quantum 
theory was being deeply studied and dis¬ 
cussed Heisenberg, who was to make 
such imiiortant contributions within the 
next two years, was a fellow student A 
year at the University of Rome came 
next, then came a visit to Leyden, where, 
with Ehrenfest, Qoudsmit, Kroiiig and 
others, Fermi matured and developed 
self-confidence For the next two years 
Fermi had an appointment at the Univer¬ 
sity of Florence, where he began his 
major contributions to theoretical phys¬ 
ics bv developing what is known as the 
“Permi-Dirac statistics,*^ which extends 
to the motions of the molecules of a gas 
the already known fact that in an atom 
no two electrons can exist in the same 
quantum state This became of especial 
importance when applied to the election 
gas in a metal 

In 1926 he w^ent back to Rome as pro¬ 
fessor of theoretical ph\sics, continuing 
at first maiiily theuietical investigations 
such as his notable development of a 
tlieoiy of 3'rav radioactivity, based upon 
the hypothesis of the existence of the 
7 i€}ifnno or uncharged particle of mass 
very snndl compared to that of an elec¬ 
tion 

From 1930 on he has visited this coun¬ 
try often, usually to lecture at the Uni¬ 
versity of Michigan Summer Session, 
though he has taught also in summers at 
Stanford and Columbia 

Very direct and clear in his thought 
and speech, sincere but not too serious, 
using few unnecessary words, he is recog¬ 
nized as an outstanding teacher In ex¬ 
perimental work also he achieves the di¬ 
rect and simple approach, and in his 
discoveries he exemplifies w^ell the fact 
that only the clearest minds can for the 
1K3 
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first time do the things that immediately 
thereafter are so simple and obvious for 
any one 

After his visit to Stockholm last De¬ 
cember to lecture before the Swedish 
Academy and to receive the Nobel prize 
in physics, at the same time as the Amer¬ 
ican writer Pearl Buck received the Nobel 
prize in literature, Fermi came directly 
to the United States to be professor of 
physics in Columbia University, where 
since January he has been engaged m 
active research on the splitting of ura¬ 


nium atoms In coming, in response to a 
long-standing invitation, to make his 
home m this country, Professor Fermi 
brought with him his wife, Laura, daugh¬ 
ter of an admiral of the Italian Navy, 
and their two children, Nella and Giuglio 
Mrs Fermi has followed closely her hus¬ 
band’s work, and has herself, together 
with the wife of Fermi’s Roman col¬ 
league Amaldi, written a popular book, 
‘‘Alchimia del Tempo Nostro,” on 
Fermi’s discoveries 

George B Pegram 


DR. HUBBLE AND ALBERT SAUVEUR, FRANKLIN MEDALISTS 


Two trail-blazers in science, one whose 
concern is with the infinite and the other 
with the infinitesimal, were recently hon¬ 
ored by The Franklin Institute at its 
annual Medal Dav exeriuses Dr Edwin 
P Hubble, who is largely responsible for 
the exploration of a thousand million 
times as much space as was known a score 
of years ago, and Albert Sauveur, father 
of metallography in America and xintil 
his recent death the dean of this country’s 
metallurgists—^tliese two were named as 
recipients of the highest award the his¬ 
toric Franklin Institute can bestow The 
presentation was made posthumously to 
Sauveur, his walow accepting the medal 
and certificate for her late husband 
Dr Hubble, at the eyepiece of the 
woild’s largest telescope, made “investi¬ 
gations upon the nebulae, which surpass 
in extent, variety and success tliose of 
anv other astronomer, past oi present 
These investigations have extended 
the spatial froiitiei‘s of human knowledge 
in a greater piojiortion than any others 
in the history of science 
Born at Marshfield, Missouri, in 1889, 
Dr Hubble majored in mathematics and 
astronomy at the University of Chicago, 
where m 1910 he won a Rhodes scholar¬ 
ship For three years he studied at Ox¬ 
ford, receiving m 1913 his degree of 
1 Dr Henry Norris Russell, October 27, 1938. 


master of arts in jurisprudence On his 
return to the United States he was ad¬ 
mitted to the bar in Louisville, KentuclrN", 
but the following year concluded that his 
strongest interests remained in scientific 
w^ork He resumed his study of astron¬ 
omy, became an assistant at the Yerkes 
Observatory, and ni 1917 received his 
doctor’s degree 

At that time he enlisted in the infantrv 
and served in France until 1919, when ho 
was mustered out with the rank of inajoi 
He immediately joined the staff of the 
Mount Wilson Observator>, with winch 
he IS still connected 

In his studies of the galactic nebulae, 
Hubble has shown that these diffuse, ir¬ 
regular clouds shine by light reflected 
from neighboring stars When the star 
IS one of the “later” spectral type— 
cooler—the light, lefiected from nebular 
dust clouds, pioduces a continuous spec¬ 
trum, but wlien the stars are of an 
“earlier” type—with a surface temiiera- 
ture of more than 20,000°—iheir short¬ 
wave ultra-violet radiation excites the 
atoms in the nebulae, whicli then glows 
with a typical gaseous bright-line spec¬ 
trum 

Working with the 100-inch telescope, 
Hubble has studied the spiral and other 
extra-galactic nebulae, and has shown 
that they are huge star clouds, compar- 
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abJo to our own Galaxv llo (lis(*overed 
111 them Cepheid variables which have 
enabled him, by means of Shapley^s 
period-luminosity relationship, to calcu¬ 
late the distances of the spirals He has 
estimated the distances of the fainter and 
more remote clusters as 200 to 500 million 
lij^ht years 

A study of the red shift in the spectra 
of the nebulae confirmed the ielation be¬ 
tween distance and apparent velocity of 
recession Hubble suf?j?ests that this 
shift may be due to some other cause than 
velocity of recession, and it is possible 
that a solution to this problem mav come 
with the completion of the 200-inch tele¬ 
scope 

Sauveur, at the CAepiece of his niicro- 
siiope, bejran at an early ajye to study the 
structure of iron and steel, pointing: the 
way for modern routine testing: and re¬ 
search in industrial metals He ^‘taugrht 
the users of steel to use a microscopi'— 
something that users didn’t know 
He found all kinds of thing:s in the steel 


that ougfhtn’t to be then'—like lookinjr at 
a drop of water under a biological micro¬ 
scope He put metallography on the 
map when lie founded and edited The 
MetaUogi (iphist in 1899, afterwards the 
Iron and Steel Maefuznie He is gen¬ 
erally regarded as having been the father 
of the science of metallography in Amer¬ 
ica, and among metallurgists was affec- 
tionateh known as ‘‘the Dean 

He was boin at Louvain, Belgium, in 
1863, and came to this country after com¬ 
pleting his preliminary education in the 
School of Mines in Liege, and received 
his ba(»helor of science degree in mining 
and metallurgy from thi' Massachusetts 
Institute of Technology in 1889 

Ills first position was with the Pennsyl¬ 
vania Steel Company, where nobody 
seemed to know what should be done with 
a metallurgist, so he was assigned to a 
place in the chemistry laboratory He 

2 William Campbell, M^nmg and Meiallvrgy, 
August, 1935 
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was left pretty mueh to Ins owti devices, 
and spent the {greater part of two years 
in studying the metallurgy of iron and 
steel In 1891 he went to the South Chi¬ 
cago plant of the Illinois Steel Company 
Here was found an old microscope, and 
a barrel was made to serve as a laboratory 
table while waiting for other equipment 
to be procured In this manner was be¬ 
gun the work which was destined to play 
a major role in the manufacture and heat 
treatment oi steel Fiom the time that 
Sauveur began his studies, the impor¬ 
tance of this type of investigation has 
continually increased, and metallurgy, as 


a iiioderii science, owes much to this new 
avenue of study 

Photomicrographs of polished metals 
became a standard process of investiga¬ 
tion As early as 1893 he presented some 
of his findings on the relation between 
chemical composition and heat treatment 
before the Chicago meeting of the Amer¬ 
ican Institute of Mining Engineers. 

An international milestone in metal¬ 
lurgy was his 1896 paper on ‘‘Microstruc- 
ture of Steel and Current Theories of 
Hardening This contribution aroused 
tremendous discussion in this country 
and in Europe 

In 1899 he went to Harvard University 
as instructor and was assistant professor 
in metallurgy and metallography from 
1900 to 1905 He was lecturer at the 
Massachusetts Institute of Technology 
until 1903 He became a professor at 
Harvard in 1906 and held that post until 
he retiied from active teaching in 1935 
His texts and scientific writings have been 
regarded as classical works in his field 
Honorary degrees and awards were show¬ 
ered on him by universities and learned 
societies here and abroad During the 
war he served in Prance as an aeronaut¬ 
ical metallurgist, connected with A EF 
He was United States delegate to the Pan- 
American Scientific Congress held m 
Lima, Pei u 

The Franklin Institute’s decision to 
honor him was made shoitlv before his 
death m Januarv, 1939, and the medal 
and accompanying certificate w^ere there¬ 
fore presented to his widow 

A S 


A HOSPITAL GROWS UP—MEMORIAL HOSPITAL IN 1939 


The Memorial Ilosintal for the Treat¬ 
ment of Cancer and Allied Diseases, of 
New York City, had its formal opening 
at its new site on Juiie 14 The new home 
occupies the block at East 67th and 68th 
Streets between Fust and York Avenues, 
directly across from the llockefeller In¬ 


stitute for Medical liesearch and the Cor¬ 
nell Medical College and New York Hos¬ 
pital Memorial Hospital’s affiliation 
with Cornell Medical College, of many 
years’ standing, is now more direct since 
moving into the district of the Cornell 
Medical Center 
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The block on which the hospital is built 
was personally acquired over a period of 
years by Mr John D Rockefeller, Jr, for 
this purpose, at an approximate cost 
of $2,500,000 The General Education 
Board gave $3,000,000, and Mr. Edward 
Harkness gave $500,000 for the building 
program An additional $300,000 was 
spent on new, special equipment; so that 
the total cost of the new Memorial Hos¬ 
pital, together with its large supply of 
radium previously purchased, stands at 
about $8,000,000 This, according to a 
statement made by Dr Ewing many 
years ago, approaches the amount of 
money which the ideal, properly 
equipped cancer institute should cost 

Due to the able leadership of Dr James 
Ewing, for the past twentv-five years its 
director. Memorial Hospital has taken 
on the role of a leader of thought in the 
international field of cancer This repu¬ 
tation has <*ome as a result of its cancer 
lesearches in the laboratories of biology, 
ph>sics and chemistry, as well as the de¬ 
velopment of greater refinements in can¬ 
cer diagnosis and technique of treatment 
To-day it stands as a cancer institute of 
national significance 

The program of the hospital opening 
consisted of a private dinner, on June 13, 
to Mr John D Rockefeller, Jr, held in 
the nurses’ dining hall Seventy inti¬ 
mate friends of Mr Rockefeller and of 
the hospital attended The speakers weie 
President Day, of Cornell Universitv , 
Mr Walter Douglas, chairman of the 
board of trustees of the hospital. Dr 
James Ewing, its director, the Honorable 
«Tacob Gould Schurman, president of Coi- 
nell at the time of the affiliation of Cor¬ 
nell and Memorial, and Mr John I) 
Rockefeller, Jr 

On the morning of June 14, a scientific 
meeting was held in the large, hand¬ 
somely decorated auditorium of the new 
hospital At this meeting. Dr Burton 
T Simpson, director of the New York 
State Institute for the Study of Malig¬ 


nant Diseases, at Buifalo, discussed “The 
Pioneer Cancer Institutes in America ” 
He spoke of the significant contributions 
made by the Memorial Hospital staff, and 
compared the work of the various early 
cancer hospitals Dr Frank E Adair, 
attending surgeon and executive officer 
of Memorial Hospital, in “The Position 
of a Cancer Institute in Relation to the 
General Medical Profession,” outlined 
the three major lines of attack on the 
cancer front as they are being carried 
forward by the American Society for the 
Control of Cancer, the American College 
of Surgeons (in llieir 272 cancer clinics) 
and the special cancer institute, such as 
IS represented by Memorial Hospital 

Dr Lloyd P Craver, attending physi¬ 
cian and chairman of the fellowsliip com¬ 
mittee of Memorial Hospital, spoke on 
“Graduate Education in Memorial Hos¬ 
pital,” showing that there is a great de¬ 
mand for men specially trained as ex¬ 
perts in diagnosis and treatment of 
cancer Dr James Ewing, director of 
Memorial Hospital, spoke on “Planning 
the Memorial Hospital Building,” in 
which he contrasted the construction 
problems of an ordinary general hospital 
with the special problems which surround 
tlie maintenance and servicing of such an 
electrical and radium plant as the new 
Memorial William D Coolidge, Ph D , 
director of research laboratories of the 
G(»neral Electric Company, spoke on 
“The Contributions of the Plnsical Sci¬ 
ences to Cancer Therapy,” outlining the 
development of the older therapy equip¬ 
ment with the new units installed in the 
new Memorial 

In the afternoon, the hospital was de¬ 
clared formally open for service by the 
president of the board of trustees, Mr 
Harry Pelham Robbins At this service, 
other speakers were Dr. Ludvig Hektoen, 
director of the National Cancer Council 
of the United States Public Health Ser¬ 
vice, Dr Sigismund S Gold water, com¬ 
missioner of hospitals of the City of New 
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York, and the Honorable Jacob Gould 
Schurman 

The Memorial Hospital has certain new 
features of interest The x-ray therapy 
department is probably the largest m the 
world, extending completely across the 
south side of the hospital along 67th 
Street It contains a million-volt 
“pocket edition’’ type for deeply situ¬ 
ated cancers, five 250 K V therapy ma¬ 
chines with easily adjusted portal open¬ 
ings, a new invention of Dr. Gioacchino 
Pallia, the physicist, four 200 K V 
therapy machines, and two low voltage 


therapy machines Apart from the large 
amount of x-ray diagnostic and tlierapy 
equipment, the hospital has nearly ten 
grams of radium It was this large ra¬ 
dium supply which helped build up the 
reputation of the hospital many years 
ago The second floor has huge space for 
the laboratories of phvsiology, biology, 
chemistry, phjsics and biophysics It is 
anticipated that with the improved hous¬ 
ing of the laboratories lenewed vigor will 
be thrown into the work of the funda¬ 
mental researches of cancer 

Prank E Adair, M D 


THE ELECTRON MICROSCOPE 


Under substantially the abo\c title Dr 
V K Zworykin presented a paper at the 
Virginia meeting of the American Asso¬ 
ciation for the Advancement of Science 
winch was of groat interest from both the 
theoictical and the practical points of 
view MoreoMT, it was demonstrated in 
the exhibits ol* the Radio Corporation of 
Ameiica in the annual scientifK* exhi¬ 
bition Although the subject of the elec¬ 
tron imcroscnpe is relatively new, con¬ 
tributions have been made to it by a con¬ 
siderable nuinber of scientists 

Thousands ot persons, amazed at the 
re\elations of microscopes, have won¬ 
dered wh> opticians do not continually 
make them more and more pow'erfiil, 
just as niamifactureis pioduce speedier 
and speedier automobiles and better and 
better ladio receiving sets The.v lead 
from time to time of larger and larger 
telescopes that have power to penetrate 
faither and farthei into the celestial 
spaces, e\en to distances that liglit can 
traverse only in hundreds of millions of 
yeais Then why not, they ask, make 
microscopes that will enable scientists 
to exploie coriespondiiigly downward 
toward the infinitesimally small? They 
hear of mi(*ro-organisms, some of them 
causing diseases of animals and plants, 


that aie beyond the reach of microscopes 
They learn of organic molecules which 
are composed of thousands of atoms, yet 
are also fai beyond the range of micro¬ 
scopes Thev ask why microscopes can 
not be placed one behind the other, each 
magnifving the image formed by its pred- 
e(‘essor An occasional report of the in¬ 
vention of some new kind of microscope 
encourages them to believe that finally 
opticians have stumbled on wliat should 
have been obvious all the time 

In spite of the iievei-dying hopes of the 
uninformed that a super-micioscope will 
be invented, scientists know that there 
are limitations to the power of micro¬ 
scopes if tJiey depend upon light for 
their opei ation Foi clarity a few’ words 
about th(» meaning of “power” are neces¬ 
sary What the word normally means in 
this connection is “resolving power,” 
which IS, for example, the ability to show 
equally spaced paiallel lines, like those 
in an engraving, as separate lines Now’ 
light IS made up of weaves wdiose lengths 
range fiom about a forty thousandth of 
an inch, in the red, to an eighty thou¬ 
sandth of an inch, in the far violet 
There are infra-rcil rays having longer 
waves than tlie red and ultra-violet rays 
having shorter waves than the violet 
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OF L MARTOW IN HRITSfiHiS TNE INsTRITMFNT 
MKA8URFS TEN FEET FROM TUE COLD CATHODE 
DI8CHAR0E TUBE AT THE TOP TO TUE PLATE 
CHAMBER NEAR THE FLOOR 

The lengths of those waves are the limit- 
factor in the resolving poAver of an 
optical mstrument, however it may be 
ilesigned and howoAor perfectly it may 
be made 

As a consequence of the wave property 
of light, an opti(*al image ot a point 
source of light is a little circle sur¬ 
rounded by a series of concentric rings 
of rapidly decreasing intensity Simi- 
laily, an optical image of a line, even 
infinitely fine, is a narroAV stieak bor¬ 
dered on each side by parallel streaks of 
rapidly diminishing intensity It is easy 
to see that, if seveial parallel lines, how¬ 
ever fine they may be, are so close to each 
other that the streaks of their optical 
images merge, they are not resolved into 
separate lines and that no further mag¬ 
nification will help 

The rule is that the resolving power 
of a perfect microscope is about one half 
a wave-length Therefore in red light 
parallel lines can not be separated if they 


are closer together than about one eighty 
thousandth of an inch, with violet light 
the limits are about half as great. Then 
why not use tlie shorter wave-lengths of 
ultra-violet radiation, of course by photo¬ 
graphing? It has been done, but the 
increase in resolving power has been 
only about twofold. Much shorter wavc- 
leiigtlis can not be used, because the glass 
in lenses is not transparent to them 
Since x-rays pass through glass and 
even substances opaque to light, why not 
use them, for their wave-length is of the 
order of a tlionsandth that of light, and 
consequently the resolving power with 
them would be a thousand times as great? 
The answer is that though they are analo¬ 
gous to light no suitable means for refrac¬ 
ting them to form images has been found 
As scientists began to despair of the pos¬ 
sibility of a supermieroscopc a now and 
entirely different method acdiieves ap- 




DIAORAM OF ELECTRON MICROSCOPE 

SHOWINO PATHS OF THE ELECTRONS FORMING THE 
ENLARGED ELECTRON IMAGE 
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proximately equivalent results Instead 
of light or anything having the essential 
properties of light, the new method uses 
electrons which are negatively charged 
particles Yet, as the French physicist 
de Broglie found in 1924, there is asso¬ 
ciated with each electron a sort of wave 
motion whose wave-lengths are related to 
its velocity Electrons are not refracted 
as light waves are, but since they carry 
electric charges they may be deflected by 
electric currents and magnetic fields 

Now we have in rough outline the 
underlying principles of the new electron 
microscope Instead of using electro¬ 
magnetic (light) waves that are re¬ 
fracted by suitable media (lenses) which 
change their velocities, the new instru¬ 
ment employs streams of electrons that 
are deflected at pleasure and brought to 
a focus by suitable electric and mag¬ 
netic fields This statement, however, is 
an over-simplifi(*ation Refractive media, 
such as glass, have essentially constant 
refractive properties throughout The 
effects of electric and magnetic fields, on 
the other hand, vary from point to point, 
often by large amounts Consequently, 
the relatively simple theory of lens sys¬ 
tems can not be employed m the control 
of the paths of electrons by electric and 
magnetic fields In addition, there are 
certain physical laws which express limi¬ 
tations on the way in which the effects 
of both eleidnc and magnetic fields may 
vary When all these properties are 
taken mto consideration, it is found that 
what corresponds to spherical aberration 
(defects in optical images due to the use 
of spherical surfaces) can not be com¬ 
pletely avoided in electron instrumenth 
And since the initial velocities of elec¬ 
trons vary, the defects corresponding to 
chromatic aberration in ordinary lens 
systems can not be avoided in electron 
instruments 

On the other hand, electron optics is 
much more flexible than light optics A 
lens surface oneo formed is permanent, 


electric currents and magnetic fields may 
be varied almost at will Another im¬ 
portant point IS that the velocities, and 
therefore the energies and the effects of 
electrons, may be increased by eleetrie 
fields In the case of light optics, how¬ 
ever, no increase of light energy in the 
optical system is possible, on the con¬ 
trary, much light energy is lost by re¬ 
flection from surfaces and by absorption 
The energy of the el(*ctrons may finally 



A SINGLE BACTERIUM 
Staphylocomus aureus (dark mass IN cfnter) 
-ELECTRON OPl’ItALLY MAONIFIED 20,400 DIAM 
ETERS, MAGNIFICATION IN PICTURE ABOUT 160,- 
000 DIAMETERS B V BORRIFS AND E RUSK 
WHO TOOK THIS PHOTOGRAPH, RUOOFST THAT THE 
FINE STRUCTURF SURROUNDING THIS PUb-FORMlNG 
BACTERIUM JS DUE TO PRODUCTS OF ITS METABO 
LISM 

be tiansformed, though with some losses, 
mto light, by a fluorescent screen, and 
therefore the final image is m light, as 
in the ordinary microscope 

Fluorescent screens and the fundamen¬ 
tals of the electron microscope are used 
m the television developments which have 
been carried out by Dr 2worykni and 
his associates In television the image of 
the scene that is to be transmitted is dis¬ 
sected into lines (scanned) which must be 
repeated a large number of times per 
second These same principles have re- 
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A CULTURE Of' BACTERIA 
Chromahacierium prodigwmmf maonified elkc 
TRON OPTICALLY 750 TIMES (L MARTON). 


cently been applied in the development 
of an electron microscope for the purpose 
of reduciiij? the slij?ht defects which 
correspond to chromatic aberration in 
light microscopes 

In attempting to make the principles 
of these promising developments under¬ 
standable by those who are not expert in 
the field, the pioblems have been some¬ 
what over-simplified and numerous prac¬ 


tical difficulties have been ignored The 
first applications of these new methods 
have been to investigating the structures 
of metals and alloys, partly because the 
obtaining of electrons from such sources 
IS easy and partly because it has been 
desired to follow the changes m struc¬ 
ture to high temperatures. The diffi¬ 
culties in applications m biology are for¬ 
midable, for everything has to be done 
in a high vacuum Yet as serious as 
these and other difficulties are, they have 
already been largely overcome, particu¬ 
larly through the efforts of Dr L Mar- 
ton, and photograplis of micro-orgariLsms 
with magnifications far beyond the pos¬ 
sibilities with light microscopes have 
already been obtained Dr Zworykin 
closed his discussion of the results so 
far accomplished by various workers, 
European and American, m this field 
with these words* ‘‘We feel that the 
present developments m electron optics 
justify the belief that the day is not far 
off when electrons will play an essential 
role m biological science, as well as in 
the study of metals and related disci¬ 
plines, aiding man to advance further 
his understanding and his mastery over 
Ins environment ’’ Science is reaching 
as eagerly downward toward infinitesi¬ 
mals as outward tow^ard the infinite 
F R Moulton 


SCIENCE DISCOVERS BASIS FOR MAINTAINING MARINE FISHERY 

RESOURCES 


A TnEORY which not only explains an 
important cause of fluctuations in the 
abundance of fish in the sea but which 
may also provide the basis for managing 
high seas fisheries for the benefit of man 
has recently been advanced by William 
C. Herrington, in charge of the North 
Atlantic research staff of the U S 
Bureau of Fisheries 

According to Mr Herrington, too 
man/ haddock on the fishing banks off 
the New England coast are just as unde¬ 
sirable too few from the standpoint 


of maintaining maximum production of 
the fisheries over a long period of years 
This seemingly paradoxical statement is 
based on the discovery of a certain op¬ 
timum level of abundance for the fishery 
—the level at which the largest numbers 
of young haddock are produced and sur¬ 
vive If the total stock falls below or 
rises above this level, the fishery fails to 
receive its normal additions of young in 
succeeding years. 

The importance of this generalization 
lies m the fact that it provides, for the 
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first time in the history of marine fishery 
research either in Europe or America, a 
basis for a rational exploitation of a 
marine fishery, an undertaking which has 
ordinarily been regarded as beyond the 
control of man 

The plan for the management of the 
haddock fishery rests on a mass of evi¬ 
dence accumulated by Mr Herrington 
and his staff during an eight-year inves¬ 
tigation into the causes of the recent 
decrease in the availability of haddock to 
the commercial fishing fleet This decline 
amounted to approximately 75 per cent 
between 1927 and 1931 on Qeoiges Bank 
and South Channel, the principal New 
England fishing grounds, and threatened 
the prosperity of the haddock fisherv, 
which during the 20^s had expanded to 
first place in poundage and value among 
all New England fisheries, relegating the 
“sacred cod“ of almost legendary fame 
to second place This decline, it was 


found, was partly the result of the inten¬ 
sive fishery that liad developed since 
1926 Primarily, however, it was due to 
the fact that relatively few >oung had¬ 
dock were produced from the spawning 
seasons in 1926,1927 and 1928, so that m 
later years there were practically no 
young haddock coming to commercial 
size to replace their elders which had 
been taken by the fishery 

How to explain the failure of the 
spawning seasons of 1926-28 was the 
principal problem, for in these years 
spawning adults were abundant Simi¬ 
lar failuies of young to survive from one 
or a series of spawning seasons have been 
noticed in some of the great marine fish¬ 
eries of Europe 

By comparing the average number of 
three-year-old haddock caught per day 
by the fishing fleet with the abundance 
of adults three years earlier, Mr Her¬ 
rington demonstrated the surprising fact 



BIOLOGISTS ABOARD TRAWLERS TAKE A CENSUS OF HADDOCK POPULATION 
BY MEASURING THE FISH IN THE CATCH THEY DETERMINE THE RELATIVE NUMBERS OF YOUNG AND 
OLD FISH MAKING UP THE POPULATION. SUCH A RFCORD OVER A PERIOD OF YEARS INDICATES 
WHETHER OR NOT A FISHERY IS BEING DEPLETED 
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that survival of young was at its lowest 
point in years when large fish were ex¬ 
tremely numerous In such years the 
adult haddock were found to spread out 
over the nursery grounds—areas in which 
young haddock are ordinarily concen¬ 
trated—and reduce the numbers of 
young, presumably by competition for 
food or directly through cannibalism 
On the other hand, when the adults were 
greatly reduced through overfishing or 
from other causes, there were insufficient 
spawners and few youiVj? weie produced 
Tipping the scales of haddock abumlance 
either way, therefore, reduces the stock 
available for the commercial fishery 
In addition to furnishing a clue to the 
recent decline, Mr Herrington indicates 
a remedy: protection of the young fish 
during the early years of life during 
which growth rate is greater than nat¬ 
ural mortality rate, and maintenance of 



MICROPBOJEdTOB AND CALCULATOR 

m HANDLING SCALES,CELLULOID STRIPS ON WHICH 
THE SCALES ARE MOUNTED ARF RUN THROUGH A 
MACHINE WHICH PROTECTS AN ENLARGED IMAGE 
OF THE SCALE A FEW MOVEMENTS OP A LEVER 
ARM AND SLIDER SHOW THE AGE OF THE FISH PROM 
WHICH THE SCALE CAME AND THE SIZE OP THE 
FISH AT EACH YEAR OF ITS AGE 



SCALE FROM ^ S-VEAR-OLD HADDOCK 

ENLARGED ABOUT TIMES WITH HADDOCK, COD 
AND SOME Ol’HER FISH, AGE AND GROWTH RATIO 
CAN HF DETERMINED FROM THE SCALES, WHICH 
WHEN EXAMINED UNDER A MICROSCOPE SHOW CON¬ 
CENTRIC RIDGES SIMILAR TO THE RINGS ON A 
CROSS SECTION OP A TREK THE SPACING OF THF 
RINGS INDICATES THE AGE OP THE FISH 

the spawning stock near the indicated 
abundance level by regulation of the in¬ 
tensity of commercial fishing Through 
earlier experiment, Mr Herrington has 
already devised means of protecting baby 
haddock from capture m the commercial 
fishing trawls by developing nets with 
mesh size adjusted to prevent the taking 
of any considerable proportion of fish 
below a given size As soon as analysis 
of the assembled data has been completed, 
the Bureau of Fisheries expects to offer 
definite recommendations to the commer¬ 
cial industry for the management of the 
haddock fishery 
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DOWN INTO THE EARTH 


When the Continental Oil Company, a 
short time ago, reached a depth of 15,004 
feet in drilling for oil in California, it had 
penetrated the skin of the earth more 
than 2,000 feet deeper than any earlier 
drill hole Mining shafts fall far short 
of these great depths, the deepest one, 
that of the Robinson Deep gold mine in 
South Africa, having reached only about 
9,000 feet Soundings have been made in 
the ocean to depths greater than 25,000 
feet, but the water at the bottom diflPei*s 
only slightly from that at the surface 
Mt Everest has been ascended withm 
approximately 1,000 feet of its summit, 
29,002 feet above sea level 

The diflSculties of drilling to depths 
great(‘r than 10,000 feet are formidable 
Cores of rock are (Uit out hy a rotating 
dull pipe equipped with a bit at its low(*r 
end, after which piotecting casings are 
inserted In the first 500 teet of the 
rocoi d well the diameter of the casing was 
161 inches, in the next 5,500 leet it was 


103 inches, and in the remainder it was 
seven inches The total weight of the cas¬ 
ings was 225 tons 

At the bottom of this deep well the rock 
pressure, due to the weight of the rock 
above, is about 15,0(K) pounds per square 
inch, and the temperature is 270° F, or 
nearly 60° above the boiling point of 
w'ater at sea level atmospheric pressure 
It IS evident that if there were no other 
difficulties, the high temperature alone 
would prevent the sinking of a shaft to 
siieh a great depth 

All the io(*ks in the IT),004 feet pene- 
tiated in drilling tins deepest w^ell are 
scdimeidaiy and of mod(»rn origin, geo¬ 
logically speaking Tin* lowest and oldest 
stiata reached are of Mio(*(»ne Age, dating 
back onlj 15 01 20 million vears, when 
the region was beneath a shallow ocean 
and ancient rivers earned sediments into 
it and dropped them on its floor Among 
these sediments were oiganic materials 
w^hich time and pressure and temperature 
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and chemical changes gradually trans¬ 
formed into oil which was found in large 
quantities at a depth of 13,100 feet, the 
deepest oil-producing strata in the world 
There are other wells more than 13,000 
feet deep in Louisiana and western Texas, 
some of which produce petroleum 

Ah deep as the California well is, it is 
only one seventh of one per cent of the 
distance from the surface to the center of 
the earth. Therefore, by direct examina¬ 
tion only the thinnest skin of the cailh is 
known But by somewhat indirect and 
almost as certain methods a groat tleal is 
known about the interior of the earth 
even to its center For example, it has 
been found from the gravitational effects 


of the earth that its average density is 5 6 
times that of water, or about midway 
between the density of surface rocks and 
that of steel The earth-tide experiments 
of Michelson, in 1912 and 1917, proved 
that the earth is rigid rather than viscous 
as had previously been supposed. Now 
investigations of the properties of the 
seismic waves that pass around and 
thiough the earth are leading to definite 
conclusions about the general structure of 
its interior, including its several zones 
and the properties of the materials of 
which they are composed. This informa¬ 
tion is of course important in checking 
theories of the earth origin and early 

P R M. 


AMERICA INHABITED FOR TWENTY-FIVE THOUSAND YEARS 


In a small area in northeastern Colo¬ 
rado, several thousand miles from the 
Aleutian Islands and Bering Straits, 
across which anthropologists think man 
first migrated from Asia to the Western 
Hemisphere, there are numerous stone 
weapons and implements left by human 
beings who lived approximately 25,000 
years ago These artifacts, left by what 
IS known as Folsom man, are of a gen¬ 
eral type that have been found over a 
considerable part of North America 
The antiquity of these finds of stone 
weapons characteristic of Folsom man, 
and of the bones of long extinct animals 
associated with them, was determined by 
Drs Kirk Bryan and Louis L Ray, of 
Harvard University, from painstaking 
geological observations and an extraordi¬ 
narily interesting chain of reasoning 
The artifacts found m northeastern 
Colorado, in what is known as the Lin- 
denmeier site, were buried on a gentle 
slope by glacial debris which Drs Bryan 
and Ray determined by i*orrelations 
with other deposits as being of the third 
Wisconsin glacial substage, and reported 
to the Milwaukee meeting of the Ameri¬ 
can Association for the Advancement of 
Science. This period has been correlated 


by its characteristic year-by-year fluctua¬ 
tions with glaciation m northern Europe, 
the age of which Antevs has established 
by counting the yearly deposits from 
glaciers at favorable locations In this 
way the history of man in the United 
States, in which there was no pre- 
Columbian written history, is being 
sketched out for 250 centuries 

As yet not a great deal is known of 
Folsom man, though it may be inferred 
from the fact that be made highly special¬ 
ized stone weapons and implements, 
which have been found in thirty states, 
that his was a virile race The numerous 
chipped stone articles he left in the 
Lindenmeier area prove that he had camp 
sites and villages, and the ashes in these 
places are clear evidence that he knew 
how to start fires and use them for 
warmth and cooking The broken bones 
of long extinct camels and bisons and 
other animals which he left among the 
ashes of his camps are proof of his prow¬ 
ess as a hunter But like the animals he 
may have exterminated, he has been 
gathered to his fathers and it is not 
known whether he has descendants now 
living 
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THE CHEMICAL INDUSTRY AND THE 
ECONOMIC SYSTEM 

By Or. HAROLD G MOULTON 

FRBSXDENTj THE BROOKINGS INSTITUTION 


Chemists are of course primarily in¬ 
terested in the development and the 
successful operation of the chemical in¬ 
dustry As a professional student of 
economics, I am primarily interested m 
the development and the successful opera¬ 
tion of the economic system Chemists 
are also interested in economics because 
the growth of the chemical industry de¬ 
pends upon the successful operation of 
the complex economic system of which it 
IS an integral part Similarly, economists 
are interested m the organization and 
conduct of the chemical mdustry because 
it is a highly important division of the 
economic system. 

Fundamental Factors and Inter¬ 
relationships 

As a background for this discussion, it 
will be useful first to orient our thinking 
in very fundamental terms. Economic 
progress depends basically upon the com¬ 
bined influences of the following factors. 
Natural and human resources, scientific 
discoveries; inventions; engmeering ap¬ 
plications , business organization and 
management; the economic system; and 
the governmental system Scientists, in¬ 
ventors, engmeers, business managers 
and professional students of economics 
and government are, in final analysis, 
cooperating in a common objective—that 


of increasing the capacity of mankind to 
satisfy their wants 

Each of these groups naturally thinks 
of itself as of primary importance, but 
the sanest conception is that every one 
of them 18 essential Scientific discover¬ 
ies would not yield practical results if we 
did not have invention; patented techno¬ 
logical apparatus and devices would be 
impotent were it not for engmeering 
applications to productive processes; 
engineering can function only in con¬ 
junction with a business enterprise which 
appraises favorably the feasibility of the 
development in relation to other factors 
of production and the potentialities of 
profit and loss The individual business 
enterprise m turn will be thwarted if the 
economic system is defective; and the 
functioning of the economic system is 
dependent upon the character of the gov¬ 
ernmental organization which has been 
developed 

As a result of a combination of develop¬ 
ments, which can not here be summarized, 
these various elements in the situation 
came to work together so effectively as to 
give us a centuiy or more of phenomenal 
progress In the course of the nineteenth 
century, the population of Great Britain, 
for example, increased from 10^ millions 
to 37 millions, while at the same time the 
standards of living rose approximately 
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four-fold In the United States between 
1850 and 1930 the population increased 
from 23 millions to 123 millions, mean¬ 
while, the per capita production rose 
nearly three-fold Scientific discoveries, 
inventions, engineering, effective business 
management and a successfully function¬ 
ing economic and governmental system 
combined to produce a truly golden age. 

In recent years, however, men every¬ 
where have been profoundly concerned 
over the future For a combination of 
reasons we have had for a decade a cessa¬ 
tion of economic advancement, indeed, in 
many places there has been economic 
retrogression This arresting, not to say 
ominous, development compels us to re¬ 
examine fundamentals Scientists feel a 
sense of frustration, inventors secure 
patents which run to waste for lack of 
commercial development, opportunities 
for engineers are restricted, business is 
physically depressed, and business men 
are spiritually demoralized, economists 
are perplexed, and government officials 
are both confused and apprehensive 

The Operation op the Economic 
System 

Where is the source of difficulty m the 
complex process to which we have re¬ 
ferred? Is there something inherently 
defective in the economic system, or has 
It merely been operated badly ? It must 
be borne in mind that under a system of 
individual business enterprise the eco¬ 
nomic system is operated by business 
managers in quest of profit. I wish, 
therefore, to review the basic principles 
involved and the procedures which must 
be followed if the economic system is to 
perform satisfactorily its essential func¬ 
tion of producing and distributing an 
abundance of goods and services The 
incentives for business enterprise and the 
mechanisms by which the system of pri¬ 
vate business enterprise is supposed to be 
operated have often been expounded by 
both professional economists and business 
leaders. 


First, It is contended that each business 
manager naturally stands to gam by m- 
creasmg general over-all efficiency and 
thereby reducing costs of production He 
may accomplish this result by the con¬ 
struction of a larger and more efficient 
plant, by the installation of better equip¬ 
ment, by the introduction of superior in¬ 
ternal management, by improved methods 
of marketing, by integratmg various 
stages in the productive process, or by a 
combination of various methods 

Second, having reduced costs of pro¬ 
duction, the business manager is in a 
position to increase his profits in one or 
the other of two ways He may continue 
to sell at the same price as before, enjoy¬ 
ing the advantage of a wider margin 
between cost and selling price, or he may 
expand the volume of his business by 
means of price reductions It is reasoned 
that since the increase in efficiency which 
IS responsible for the reduction in costs 
commonly involves an expansion of pro¬ 
ductive capacity, and since the maximum 
economics can be obtained when operat¬ 
ing at full capacity, the greatest profits 
will result if sales are expanded by means 
of a reduction of prices In short, in¬ 
creased efficiency makes possible lower 
prices, and the profit incentive leads to 
actual reductions of prices 
Third, the process naturally involves 
the continuous elimination of obsolescent 
or otherwise inefficient equipment and es¬ 
tablishments The industrially fit, as 
gauged by ability to sell at a minimum 
price, alone survive, moreover, the effi¬ 
cient of to-day often become the inefficient 
of to-morrow A particular business man, 
firm or corporation may survive over a 
long period of years, but only if the pro¬ 
duction methods employed keep always 
abreast of changing times 
It IS clear that with a system thus 
operating the standards of living would 
steadily rise. The progressive reduction 
of prices as efficiency increases would, of 
course, constantly increase the purchas¬ 
ing power of the masses, giving them an 
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increasing volume of goods for the same 
money. 

It should be carefully noted that this 
theory of progress implies that the reduc¬ 
tion in money costs must result from in¬ 
creased eflQciency rather than from a 
mere reduction in money wage rates A 
reduction in wage rates may indeed lower 
money costs and prices, but since such a 
reduction increases neither efficiency nor 
the purchasing power of the masses, 
there is no resulting economic advance¬ 
ment. 

In order to reveal more distinctly what 
is involved in raising living standards in 
a pecuniary society, I state explicitly two 
principles as follows. 

First, the process of raising the stand¬ 
ard of living of wage-earners necesswrily 
involves increasing the spread between 
wage rates and prices. That is, a wage- 
earner can increase the volume of his 
purchases from year to year only if wage 
lates are increased relatively to the prices 
of the commodities which he buys If he 
gets more dollars and prices remain un¬ 
changed, his purchasing power is ex¬ 
panded, if he gets the same number of 
dollars and prices decline, his purchas¬ 
ing power is expanded. There are, of 
course, other possible combinations of 
changes m wages and prices, but the pur¬ 
chasing power can not be expanded unless 
the spread between wages and prices is 
increased 

Second, an increasing spread between 
wage rates and prices depends fundamen¬ 
tally upon increasing the efficiency of 
production. While minor and temporary 
mcreases in wages may sometimes be 
achieved by trenching upon profits, a 
progressive increase m the wage-price 
ratio depends directly upon the accelera¬ 
tion of technical advancement, improved 
management, increased labor efficiency, 
etc Any practices or policies that tend 
to work in this direction are economically 
sound; those which work in the opposite 
direction are economically unsound 


The Role op Chemistry 

It is superfluous for me to attempt to 
instruct chemists about the significance of 
chemistry and the chemical industry. 
But since many chemists are specialists, 
deeply immersed m particular aspects or 
divisions of chemistry, it may be useful 
even for them if I summarize some of 
the development which has occurred in 
the industry as a whole during the past 
fifteen years I shall not, of course, pre¬ 
sume to say anything about the signifi¬ 
cance of individual chemical products or 
particular divisions of the industry, my 
comments will relate simply to the indus¬ 
try as a whole 

The fundamental significance of the 
chemical industry lies m its permeating 
influence Chemistry is not merely a new 
industry which has added an important 
series of new products for human con¬ 
sumption. It IS an industry, the achieve¬ 
ments of which profoundly affect the 
productivity of many other industries; 
indeed, its influence ramifies throughout 
the economic system Chemistry is crea¬ 
tive, to use Slosson's phrase, not only in 
the sense that it involves both analysis 
and synthesis, but also in that it yields 
practical results of great utility. 

Its primary creativeness lies in its 
fructifying influence Chemistry cuts 
across and underlies so many productive 
processes that the term fundamental is 
truly descriptive of its significance As 
the science of the transformation of mat¬ 
ter, it not only relates to nearly every 
aspect of our lives from birth to death, 
but, as Stieghtz has written, its 

wizardry perrnoates tho whole life of the nation 
as a vitalizing, protective and constructive 
agent very much in the same way as our blood, 
coursing through our veins and arteries, carries 
the constructive, defensive and life-bnugmg 
materials to every organ in the body ... It 
makes possible scientific control of such widely 
divergent national industries as agriculture and 
steel manufacturing It governs the transfor¬ 
mation of the salts, minerals and humus of our 
fields and the components of the air into com. 
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wheat, cotton, and the innumerable other prod¬ 
ucts of the soil; it governs no less the transfor¬ 
mation of crude ores into steel and alloys, which, 
with the cunning born of chemical knowledge, 
may be given practically any conceivable quality 
of hardness, elasticity, toughness or strength 
And exactly the same thing may be said of the 
hundreds of national activities that he between 
the two extremes of agriculture and steel manu¬ 
facture I 

Prom the strict economic point of view 
the basic significance of chemistry is 
found not only m the wealth of new and 
important products that it has created, 
but also in the way In which it has af¬ 
fected efficiency and costs of production 
in the varied industrial fields to which it 
contributes By developing new methods 
which improve the efficiency of produc¬ 
tion, as well «as the quality of products, 
chemistry is cumulative m its influence 
While we can not trace these effects m 
detail, it IS possible to measure the 
achievements of the industry by analyz¬ 
ing its growth and its contributions to 
society as a whole in terms of available 
data respecting productivity m relation 
to prices, wages and profits 

During the course of the past fifteen 
years the prices of chemical products as 
a group have declined about 16 per cent 
Drugs and pharmaceuticals as a group 
show a substantially greater decline, 
amounting to about 22 per cent., while 
the prices of fertilizer materials de¬ 
creased as much as 30 per cent These 
declines may be compared with a de¬ 
crease in the average prices of manufac¬ 
tured products as a whole of about 12 
per cent , and with a decrease m the 
average prices of all commodities, in¬ 
cluding agricultural and raw material 
products, of about 19 per cent Thus, 
viewed from the standpoint of price re¬ 
ductions, the showing of the chemical 
industry is distinctly better than the 
average of American industry 

We may examine next the wages paid 
in the chemical industry as compared 
with manufacturing as a whole Be¬ 
tween 1923 and 1938 total wage dis¬ 


bursements in the chemical industry in¬ 
creased approximately 30 per cent ; 
hourly wages increased 31 per cent. 
Meanwhile, m manufacturing as a whole 
total wage disbursements declined by 
approximately 10 per cent, though 
hourly wages increased by about 15 per 
cent 

Employment in the chemical industry 
has expanded materially during the 
course of the past fifteen years Com¬ 
paring the three years 1923 to 1925 with 
the three years 1936 to 1938, we find that 
emplo 3 anent has increased nearly 25 per 
cent This is in sharp contrast with the 
trend of manufacturing industry as a 
whole, where the total number employed 
has declined by approximately 1 per cent 
These employment figures indicate both 
that the chemical industry has been un¬ 
dergoing rapid growth and also that the 
improvements m productive efficiency 
which have occurred have not been at 
the expense of labor As we have seen, 
the number of workers employed has in¬ 
creased materially, and wages have risen 
substantially At the same time, in so 
far as woikers in the chemical industry 
are consumers of chemical products, they 
have benefitted by products of improved 
quality sold on a gradually declining 
price basis 

These developments have of course 
been made possible by a constantly in¬ 
creasing volume of investment m the in¬ 
dustry and by an increased productivity 
resulting from technological develop¬ 
ments In the past 15 years the fixed 
capital investment of the four largest 
chemical companies has nearly doubled 
As an accompaniment to this expanding 
investment, together with improvements 
in management, productivity has greatly 
increased The output per man hour 
has in fact increased by approximately 
75 per cent 

The return to stock owners has been 
unusually satisfactory. During the past 
15 years dividends have ranged from 5.6 
to 13 5 per cent on the book value of 
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the stockholders' investment. Payments 
were maintained at a high level during 
the depression years 

It is of mterest that the investment 
in the chemical industries of the United 
States now exceeds 4 billion dollars, and 
IS equal to about 7 per cent of the in¬ 
vestment m all manufacturing enter¬ 
prises Measured by the value of the 
sales, the chemical industry now ranks 
third in the United States, being ex¬ 
ceeded only by metals and metal products 
and food and kindred products, which 
represent broad industrial classifications 

The achievements of the chemical in¬ 
dustry in recent years may be summar¬ 
ized as follows* 

Expanding capital investment and in¬ 
creasing efficiency have made possible a 
reduction of prices, an increase of wages, 
both hourly and aggregate, an increase 
of employment, and a comparatively 
high level of profits At the same time 
there has been a great improvement m 
the quality and variety of products, some 
of which minister directly to the satis¬ 
faction of human wants and others of 
which contribute to increasing efficiency 
in a wide range of other industries 

Requirements for the Future 

At the present time, as every one is 
aware, grave fears are entertained by 
many with respect to the future of the 
economic system in this country In 
recent years the view has been wide¬ 
spread that we have had so much scien¬ 
tific and technological advancement that 
we are menaced with over-production 
and that in consequence we must expect 
the rate of industrial progress to be 
severely curtailed 

It IS of interest to note for purposes 
of comparison that fifty years ago similar 
fears were expressed with respect to a 
great increase in productive capacity 
In the middle eighties an eminent eco¬ 
nomic writer, David A Wells, attributed 
the great depressions of trade in the sev¬ 
enties and eighties to the fact that “the 


supply of the great articles and instru¬ 
mentalities of the world’s use and com¬ 
merce has increased, during the last ten 
or fifteen years, m a far greater ratio 
than tlie contemporaneous increase in 
the world’s population or of its imme¬ 
diate consuming capacity ” Carroll D 
Wright, m an official government report 
in the late eighties, expressed a similar 
concern over the lack of investment op¬ 
portunities and employment possibilities 
lie wrote 

The rapid devolopraont and adaptation of ma- 
chinory have brought what is commonly called 
‘‘overproduction Tho nations of the world 
have overstocked themselves with machinery and 
manufacturing plants far m excess of the wants 
of production The day of largo profits is prob¬ 
ably past 

Nevertheless, m the following forty 
years we experienced the greatest period 
of technological progress and industrial 
expansion m our history There is no 
more reason for assuming in the late 
1930’s that we have reached the end of 
industrial progress than there was for 
the same assumption in the late 1880’s 
The income of the American people is 
still far below the requirements for satis¬ 
factory standards of living In 1929, 
the year of our greatest production, the 
total national income was about 81 billion 
dollars, or the equivalent of about $660 
per capita—$2,600 per family Twelve 
million families, or 42 per cent of the 
total number, had incomes of less than 
$1,500, and 60 per cent of the families 
had incomes of less than $2,000 At 1929 
prices, a family income of $2,000 was 
sufficient to supply little more than the 
basic necessities required for health and 
efficiency, generally speaking, it pro¬ 
vided no margin for comforts and luxu¬ 
ries of life Budgetary studies indicate 
that the provision of “reasonable stand¬ 
ards of living” would require an income 
nearly double that rocei\ed by the masses 
of the American people in the year of 
our greatest production' 

1 ‘ ‘ America *b Capacity to Consume, ^ * Tho 
Brookings Institution 
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In the years that have elapsed since 
1929, however, there has been an actual 
curtailment of national productive ca¬ 
pacity, while at the same time we have 
had a further increase of population of 
more than 7 per cent. Per capita pro¬ 
duction in 1937—^the best year of the re¬ 
cent recovery movement—^was only about 
85 per cent as great as in 1929. The 
available income was only a little over 
$500 per capita. So long as the great 
masses of our people have vast unful¬ 
filled desires we should obviously con¬ 
tinue to increase productive eflSciency 
in order to raise the standards of living 

Is There Room for Expansion! 

We may also consider still another ar¬ 
gument that has been advanced in sup¬ 
port of the view that the era of industrial 
expansion has ended and that improve¬ 
ments in living conditions in the hiture 
must necessarily be at a very much slower 
rate than in the past A number of fac¬ 
tors and considerations he behind this 
conclusion, the principal ones of which 
are The disappearance of the frontier, 
the substantial completion of the build¬ 
ing of our great industries, with no sig¬ 
nificant new ones in sight; and the de- 
clinmg rate of population growth, fore¬ 
casting a stationary population in the not 
distant future The severe and persis¬ 
tent character of the great depression 
which began in 1929 is also regarded as 
evidence that fundamental changes in 
the American economic scene have al¬ 
ready occurred This conclusion is per¬ 
haps a natural outgrowth of the prevail¬ 
ing character of American economic de¬ 
velopment over the course of the past 
century. 

We had vast unsettled areas and unex- 
ploited resources, we had a rapidly ex¬ 
panding population, resulting both from 
a high birth rate and large immigration, 
and we built a never-ending series of new 
industries—railroads, public utilities and 
manufacturing enterprises of every de¬ 


scription In the light of this history 
and of the recent period of stagnation, 
it is easy to understand how it might 
appear on first thought that our future, 
so to speak, lies behmd us 

A factor of vital importance has, how¬ 
ever, been overlooked in this line of rea- 
sonmg Before looking forward, let us 
look backward for a moment and ex¬ 
amine the sources of expansion m the 
past. Economic activity—^the use of our 
labor power and our capital equipment— 
has always been directed to a double pur¬ 
pose . the production of goods to care for 
the needs of increasing numbers of peo¬ 
ple, and the production of increasing 
quantities of goods to meet the growing 
demands of the existing population. 
Stating the matter in other terms, we not 
only seek to produce enough to provide 
our children with necessaries, but we hope 
to enable them, as well as ourselves, to 
enjoy higher standards of living than 
were attained by our predecessors 

We may translate these general state¬ 
ments into specific terms by reference 
again to what actually occurred in the 
great era of expansion from 1900 to 
1929 We did, it is true, devote our 
energies to the production of primary 
goods and services for a steadily expand¬ 
ing total population, but at the same time 
we were constantly producing more for 
the already existing population In the 
course of this thirty-year period as a 
whole, per capita income rose almost 40 
per cent 

Is it not obvious that a cessation of 
population growth does not render it 
necessary for us to refrain henceforth 
from producing more and yet more for 
the existing population? Are not the 
unfilled wants and unsatisfied desires of 
the present 130 millions of people just 
as real a source of potential demand as 
the elemental needs of those who may 
be born in the years ahead? The efcar- 
acter of our productive output might 
dilfer in considerable degree, but the 
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total output need not be aflPected—^that 
is, not until our desires are fully satiated. 
Studies indicate that we need have no 
concern on this score until the national 
income is at least three times its present 
level. We have been accustomed to think¬ 
ing of expansion in terms of frontiers, 
geographic areas and numbers of people 
—that is, in extensive rather than inten¬ 
sive terms Hence we are prone to over¬ 
look the vast potential markets that may 
be opened on the intensive frontier of 
development. 

If we are to expand this frontier and 
realize progressively higher standards of 
living—and, in the process, furnish in¬ 
creasing employment for both labor and 
capital—^we must—as I have already in¬ 
dicated—operate the economic system on 
sound principles I close with a re-em- 
phasis of the underlying requirements 
for continued progress 

There must be constantly increasing 
efficiency in production on the part of 
both labor and capital Only by ever¬ 
lastingly improving technical processes 
and lowering the costs of production can 
we obtain progressively higher standards 
of living To try to accomplish this re¬ 
sult m any other way means simply tug¬ 
ging in vain at our collective boot straps 

As efficiency is increased, the benefits 
must be broadly disseminated among the 


masses by means of high wages, low 
prices or a combination thereof This is 
essential for a double reason • 

First, it IS a fundamental requirement 
for social and political stability and the 
well-rounded growth of a democracy. It 
is doubtful indeed if any economic or 
political system can permanently main¬ 
tain itself unless it does maintain the 
goal of the greatest good for the greatest 
number. 

Second, a broad dissemination of the 
benefits of technical progress is necessary 
to provide the market demands for an ex¬ 
panding industry Under our capitalistic 
system we produce to sell goods in the 
market If we increase capacity to pro¬ 
duce without correspondingly increasing 
the capacity of the masses to purchase, 
we simply reach an impasse Production 
schedules have to be restrained, with an 
accompanying retardation of the rate of 
economic progress 

Industrial growth, development, prog¬ 
ress, require the expansion of consuming 
power step by step with an expansion of 
producing power To put the matter in 
very simple terms • Healthy growth in the 
economic organism, like healthy growth 
in any other organism, must proceed 
from the deepest and broadest possible 
rootage It must rest on the expanding 
well-being of the entire population. 
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At the dawn of history, we find man 
employing for all his needs materials as 
supplied by nature Man secured food 
from plants and animals, clothing came 
from the same sources, and shelter was 
commonly afforded by a convenient cave 
For thousands of years, nature, almost 
unaided, supplied man’s primary needs 

Little by little, man learned to modify 
natural products He chipped sharp in¬ 
struments and deadly weapons from 
rock, he fashioned knives from naturally 
occurring metals, such as copper, he 
learned to weave rude fabrics Probably 
through accident, glasses and metallic 
iron were found in the ashes of fires 
Such discoveries perhaps marked the 
beginning of a new era But progress 
was painfully slow At times, nature 
seemed niggardly indeed in supplying 
the necessary materials for life and 
safety Famine was not uncommon, 
pestilence and disease often took thou¬ 
sands of lives As man became better 
organized in social and political units, 
the deprivations, sufferings and the need 
for better things, and more of them, led 
to taking these things from others by 
force 

The acquisition of territory by force 
and by threat of force is not unusual in 
the world history In fact, ever since the 
days of Alexander the Great, kings and 
emperors have expanded their empires 
through military conquest This has, of 
course, chiefly been for the purpose of 
gaming additional materials—gold, cat¬ 
tle or gram We have seen a number of 
such conquests even in the last few years 
Even we, here in America, may have 
been guilty of acquiring valuable prop¬ 
erty through military aggression 
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But America has acquired peaceful 
habits This has come about, partly at 
least, from the fact that we have not been 
forced to provide our needs by conquest. 
America has obtained products of more 
enduring value than were ever won by 
Alexander or Cortez or Pizarro, and 
without the use of swords, guns or poison 
gas These products, which have m- 
creased our national wealth by untold 
millions, have become available through 
the peaceful conquest of matter This 
conquest has been without wide-spread 
suffering or death, it has, on the con¬ 
trary, created new mdustries, opened up 
millions of jobs, and made life happier 
and safer for all 

We were taught m school that there 
are three kmgdoms of matter—the ani¬ 
mal, the vegetable and the mineral More 
recently, we have come to look upon the 
substances from the three natural king¬ 
doms as raw materials rather than as 
finished products We are still largely 
dependent upon animals and vegetables 
for food, and from the earth we still take 
metals, coal and other valuable minerals 
Many of these things are still employed 
more or less as nature provides them, but 
this 18 only because we have not yet been 
able to improve upon many of nature’s 
products We can not now offer more 
tender and juicy synthetic beefsteaks or 
a more beautiful man-made rose! 

The fourth kingdom, of which I shall 
speak to-day, has, however, become firmly 
established, and the products of the 
fourth kingdom, made in turn entirely 
from the animal, vegetable and mineral 
kingdoms, now supplement the products 
from the three original kingdoms them¬ 
selves 
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The conquest of the fourth kingdom 
was slow in getting under way It is far 
from complete now, after a century of 
incessant and increasing attempt. Pos¬ 
sibly we can say that inroads on the new 
kingdom began m 1828, when Wohler 
synthesized for the first time an organic 
material occurring in nature, namely, 
urea Until that time it was believed im¬ 
possible ever to produce artificially the 
products produced by animal or vege¬ 
table life Wohler’s disproof of this 
theory may be taken as the first stroke in 
the conquest of the fourth kingdom 

About thirty years after Wohler, a 
young British chemist, Perkin, undertook 
to synthesize quinine He failed, but, as 
IS often the case in an experimental work, 
achieved a result of greater importance 
than the one he sought He didn’t got 
quinine, but he made the first synthetic 
coal-tar dye We can still get natural 
quinine in quantity, but we wouldn’t 
want to do without the thousands of 
synthetic colors which brighten our lives 

With those simiile beginnings, it be¬ 
came apparent that nature’s products 
could be employed in the construction of 
entirely new compositions, which in turn 
could be used in countless ways The 
conquest of the new kingdom, the chemi¬ 
cal kingdom, then was undertaken more 
earnestly To-day, the conquest is car¬ 
ried on by an army of 32,000 research 
workers in over 1,700 laboratories in the 
United States The maintenance of the 
army costs $250,000,000 a year, which, 
after all, represents a very cheap cam¬ 
paign, in fact, not as much as ye spend 
on cosmetics 

I shall now mention some of the mate¬ 
rials which we have acquired by the con¬ 
quest of this new kingdom 

The textile industry is a very old one, 
dating back to the earliest records of 
man For four thousand years no new 
textile fiber appeared You are familiar 
with the amazing development of the 
synthetic yarn, rayon, which in the last 


two or three decades has sprung into 
being and grown so fast that now seven 
times as much rayon as silk is used in 
America This rayon, made from the 
cellulose of cotton and wood, has been 
dependent upon the vegetable kingdom 
for its basic material But recently, you 
have heard that an entirely new fiber, 
dependent only upon the mineral king¬ 
dom, has been made I refer to nylon, 
a name coined for a family of new syn¬ 
thetic compounds Nylon has a structure 
somewhat like that of proteins, and from 
it can be spun filaments of extreme fine¬ 
ness, stronger and more elastic than any 
of the natural fibers Probably the most 
important of the early uses for nylon will 
be m women’s fine hosiery It is also 
hoped, however, that dress goods, gloves, 
draperies and upholstery may be pro¬ 
duced from this new synthetic product 

Incidentally, from nylon we already 
have available the new “Exton” bristle 
for use in toothbrushes These bristles 
are more durable, soften less when wet, 
and do not shed Prom bnstle-like mate¬ 
rials we also have fishing leaders and 
fishing lines 

I mentioned Perkin’s discovery of 
mauve Previously the textile industry 
was entirely dependent upon vegetable 
and animal colors These natural dyes 
wore limited in number and in many 
cases the fabrics colored with them were 
dull and faded when washed or exposed 
to light Furthermore, many of the nat¬ 
ural dyestuffs were very expensive The 
Tyrian purple of Biblical times was ob¬ 
tained from a shell-fish found in the 
Mediterranean, and purple woolen fab¬ 
rics were so costly that they could only 
be bought by kings and nobility, hence 
the term “royal purple,” To-day, the 
chemist makes a complete rainbow of 
bright, fast colors from coal tar, far ex¬ 
ceeding in brilliance and permanence the 
royal purple of antiquity, and at a cost 
so low that colors are abundant in even 
the poorest of our homes 
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The modem textile industry could not 
exist without the dyestuffs and fibers of 
the fourth kingdom. 

Many accessory textile chemicals have 
also been made S 3 aithetically. Thus fab¬ 
rics are made more resistant to creasing 
and wrinkling and more water-repellent 
and freer from spotting by rain because 
of chemical treatments. We also have 
the new ‘‘soapless soaps,** which work as 
well in hard water as in soft water, and 
wetting agents to speed up the bleaching 
and dyeing operations—agents so potent 
that water to which a small amount has 
been added will actually cause a duck to 
sink We have effective moth-repellents, 
mildew inhibitors and a new chemical 
which renders fabrics fiameproof 

From the mineral kingdom comes the 
coal, limestone and salt needed for the 
manufacture of another valuable syn¬ 
thetic which, strangely enough, closely 
resembles in certain respects an impor¬ 
tant product of the vegetable kingdom— 
rubber I have reference to neoprene, 
the man-made rubber-hke material, 
which, although similar to natural rub¬ 
ber in elasticity, toughness and strength, 
IS wholly different in chemical resistance 
Whereas rubber is attacked and de¬ 
stroyed by oils and greases, neoprene is 
resistant to them It is because of this 
that neoprene, although now selling at 
about four times the price of rubber, is, 
nevertheless, finding an increasing outlet 
in the manufacture of such items as hose 
for gasoline pumps, industrial and house¬ 
hold gloves, printing rollers, belts for 
conveying oily materials and numerous 
other purposes where rubber is inade¬ 
quate For certain of these purposes, 
neoprene outlasts rubber ten to twelve 
times or even more 

Among the hundreds of applications 
for this man-made rubber are some 50 
uses in the automobile industry alone, 
including insulation for ignition cable 
and horn wire, shock absorber gaskets, 
thermostat diaphragms and water-pump 
seals 


Among the numerous products of the 
new chemical kingdom, probably none 
finds wider application than the man¬ 
made plastics Supplementing and dis¬ 
placing such natural products as wood, 
metals, rubber, shellac, ivory, tortoise 
shell, jade and amber, the synthetic plas¬ 
tics find application m the manufacture 
of literally thousands of articles—^motion 
picture film, automobile accessories, radio 
cabinets, windshields for airplanes, elec¬ 
trical appliances, lighting equipment, 
plates for false teeth, toiletware, ash 
trays, buttons and buckles, scuffless shoe 
heels and costume jewelry 

Laminated plastics, made by combin¬ 
ing a number of sheets of plastic-impreg¬ 
nated cloth, paper or wood under high 
pressure at an elevated temperature, pos¬ 
sess great strength, and are accordingly 
used in making such articles as wall 
board, instrument panels and gear wheels 
—supplementing or wholly replacing 
such natural materials as wood, metals 
and slate In the not distant future, 
these laminated plastics may play an 
important part in the construction of 
automobiles and airplanes 

One of the newest plastics is “Lucite** 
methyl methacrylate plastic, made from 
coal, air and water Because of its tough¬ 
ness and transparency, this new material 
is finding application for a variety of 
uses, both decorative and industrial. For 
example, the reflector buttons along 
Route 16 between Detroit and Lansing, 
Mich, are made of “Lucite,** and dur¬ 
ing the first three months following in¬ 
stallation of these reflectors there were 
79 per cent fewer night accidents than 
for the corresponding period before they 
were installed Their effectiveness is 
shown by the fact that during the same 
period daytime accidents declined only 
37 5 per cent 

A very recent addition to the plastics 
family is “Butacite** polyvinyl acetal 
plastic, used as the interliner in lami¬ 
nated glass Because of its strength, 
toughness and flexibility, particularly at 
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low temperatures, ^'Butacite*^ makes 
possible the safest safety-glass ever made. 
At the Franklin Institute m Philadel¬ 
phia a nine-ounce steel ball was dropped 
85 feet onto a sheet of this new safety 
glass The glass was, of course, cracked, 
but it did not shatter, and observers 
seated within four feet were in no danger 
from flying splinters 

Camphor is an essential part of the 
nitrocellulose or celluloid-type plastics 
used in making motion picture film and 
dozens of other products For many 
years, this material came from the cam¬ 
phor trees of Formosa, an island in the 
Pacific owned by Japan The Japanese 
controlled the world market for camphor 
and, with it, the price. But in recent 
years chemists have worked out a process 
by which turpentine from our southern 
pine trees is converted into camphor that 
IS chemically identical with that obtained 
from camphor trees of faraway Formosa 
To-day the du Pont Company is produc¬ 
ing a substantial part of our total domes¬ 
tic consumption, and in an emergency 
additional plant capacity could be pro¬ 
vided to take care of our entire domestic 
requirements In 1918, the price of im¬ 
ported camphor reached $3 75 a pound, 
to-day the synthetic product sells for 
around 35 cents a pound Quite a dif¬ 
ference ! 

For nitric acid, nitrogenous fertilizers 
and other forms of combined nitrogen so 
essential to industry and agriculture, 
man was formerly dependent largely 
upon natural deposits of sodium nitrate 
in Chile These materials are now sup¬ 
plied from the fourth kingdom The 
chemist takes nitrogen from the air and 
hydrogen from water and, at an elevated 
temperature and tremendous pressure, 
forces these two gases to combine m the 
form of ammonia From this ammonia 
IS made the nitric acid needed in the 
manufacture of nitrocellulose for plas¬ 
tics, lacquers, smokeless powder and 
* * Fabrikoid ’' pyroxylin-coated fabrics 


Nitric acid is used also in making ferti¬ 
lizer chemicals such as sodium nitrate. 

Another fertilizer chemical is urea, a 
product once obtained only from animal 
secretions, but now made by du Pont 
from coal, air and water in tremendous 
quantities 

In addition to its use as a fertilizer 
chemical, urea finds application in the 
manufacture of an important type of 
plastic which is widely used in making 
light fixtures, unbreakable tableware and 
housings for counter scales Urea is also 
finding an increasing outlet in the field 
of medicine, to replace the maggots once 
used in the healing of certain stubborn 
infections, particularly of the bone 

Formaldehyde, made from methyl al¬ 
cohol, IS another important chemical used 
in the manufacture of plastics, in com¬ 
bination with urea, casein from milk or 
phenol from coal tar Formerly methyl 
alcohol, known more commonly as wood 
alcohol, was obtained by the dry distilla¬ 
tion of wood To-day, in a plant at 
Belle, W Va , the methyl alcohol used in 
making formaldehyde, and for a wide 
variety of other industrial purposes, is 
produced by synthesis, again starting 
with coal, air and water 

The farmer and fruit grower turn to 
the new kingdom of synthetics for im¬ 
proved weapons with which to combat 
the plant diseases and hungry insects 
which are responsible for losses estimated 
at more than three billion dollars a year. 
From the research laboratory have come 
improved insecticides, such as the new 
“Loro’* insecticide—^materials less toxic 
to humans than nicotine, and which un¬ 
like rotenone and pyrethrum, are based 
on domestic raw materials 

Whereas man formerly went directly 
to the vegetable and animal kingdoms for 
perfumes and flavors, to-day nature’s 
products are supplemented by synthetics 
from a variety of sources, including malo¬ 
dorous coal tar And certain odors are 
to be had only as synthetics—^that of the 
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lilac^ for example, which is so delicate as 
to be destroyed when an attempt is made 
to take it from the flower 

The characteristic ingredient of musk, 
obtained from deer that live in the lofty 
mountains of Tibet, would be worth some 
$40,000 a pound if it could be had in a 
perfectly pure state But the new chem¬ 
ical kingdom has recently provided 
“Astrotone’' synthetic musk, substan¬ 
tially identical with the characteristic 
ingredient of natural musk, at only a 
fraction of the cost 

And last, but not least, the medical 
profession would be well-nigh lost with¬ 
out the materials of the fourth kingdom 
The physician and surgeon turn daily to 
the realm of synthetics for chemicals that 
nature either failed to make or to provide 
in quantities sufficient for our needs— 
anesthetics which are not habit-forming, 
chemicals which may safely be used for 
allaying fever and pain, vitamins to sup¬ 
plement our diet, hormones for the cor¬ 
rection of various mental and physical 
disorders and drugs which are specifics 
for certain diseases 

Within recent years, the chemist has 
synthesized several of the vitamins— 
those materials occurring naturally m 
small amounts in certain foodstuffs, 
which are so essential m warding off 
rickets, pellagra and other deficiency 
diseases It has recently been found, for 
example, that synthetic ascorbic acid is 
identical with Vitamin C found in fresh 
fruits and vegetables, a deficiency of 
which leads to scurvy, fragility of the 
bones and loosening and decay of the 
teeth—ills once common among sailors 
on long voyages 

Members of a late Mount Everest ex¬ 
pedition took along a supply of synthetic 
Vitamin C instead of the large quantities 
of fresh fruits and vegetables which 
would have been necessary to supply 
them with an adequate amount of this 
highly essential vitamin 

The research chemist has established 


the constitution of, and synthesized, cer¬ 
tain of the hormones, those little-under¬ 
stood secretions of the ductless glands, 
which in some mysterious way regulate 
the functioning of our bodies and minds 
Research is constantly being directed to 
a better understanding of these complex, 
powerful chemical substances, an excess 
or shortage of which may determine 
whether we are giants or midgets, brave 
or cowardly, feeble-minded or possessed 
of a vigorous intellect 

Even the degree of one’s masculinity 
or femininity now appears to be a mat¬ 
ter of hormones, and recent research has 
shown that by the injection of a small 
amount of the proper sex hormone a tom¬ 
cat can be made to mother a litter of 
kittens, and by similar treatment the gal¬ 
lant and haughty barn-yard rooster is 
transformed into the maternal-like guar¬ 
dian of a flock of biddies What the 
future IS for sex hormones no one can say 
with certainty, but there are indications 
that timid souls such as Caspar Milque¬ 
toast may be transformed overnight into 
Robin Hoods 

Since the advent of ‘^Salvarsan” 
thirty years ago for the cure of syphilis, 
no synthetic chemical has met with so 
welcome a reception, or shown greater 
promise, than sulfanilamide Although 
introduced into the United States only a 
few years ago, this new healing agent has 
already saved the lives of thousands suf¬ 
fering from “blood poisoning,” peri¬ 
tonitis, streptococcic sore throat, child¬ 
birth fever and other dangerous maladies 
due to streptococcic infection 

And during the past few months a 
related synthetic chemical, sulfapyndine, 
has shown great promise in the treatment 
of various types of pneumonia, which 
claims each year a toll of some 100,000 
lives in the United States 

Thus we see that the products of the 
new chemical kingdom minister unto our 
needs on every hand Without them, 
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modern industry would be paralyzed, 
much of beauty would be gone from our 
lives, and living itself would be more 
hazardous 

Consider, for a moment, the field of 
transportation To this all-important 
field the fourth kingdom supplies steels 
and other alloys without which there 
would be no automobiles, airplanes or 
modern trains This new kingdom pro¬ 
vides the blasting agents needed for min¬ 
ing the metals from which these alloys 
are made It supplies the quick-drying 
finishes to facilitate mass production, tire 
fabrics of rayon which add greatly to the 
life of truck and bus tires on long, non¬ 
stop runs, improved fuels which made 
possible the modern high-compression 
motor, extreme-pressure lubricants es¬ 
sential to the hypoid gear, lead tetraethyl 
to prevent knocking, antioxidants for 
gasoline to inhibit the formation of gums 
which would clog up the motor and fuel 
lines 

From this new kingdom of synthetics 
come chemicals which speed the vulcani¬ 
zation of tires, and other chemicals which 


retard their deterioration by sunlight 
and air, the man-made rubber which 
serves where the natural product is un- 
suited, chemicals for plating, and plas¬ 
tics for safety glass and accessories 

And the end is not yet m sight Where 
shall we turn to find the new materials 
demanded by an industrial and social 
order whose very watchword is progress! 

In the field of transportation, where 
shall we turn to find new materials ca¬ 
pable of standing the strain of ever- 
increasing speed by land, water and air! 

Where will the farmer turn for still 
better fertilizer materials and insecti¬ 
cides ! 

Where will the medical profession turn 
to find a cure for cancer and like ‘‘incur¬ 
able*^ diseases! 

Where but to the laboratories of funda¬ 
mental and applied research! 

The unsolved problems of industry and 
agriculture, and the physical and mental 
ills for which there is as yet no cure, 
stand as a challenge to the research work¬ 
ers of the fourth kingdom, whose motto 
IS, “We serve ** 
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Even though ‘‘prophecy is the most 
gratuitous form of mistake,’’ and even 
though there is obviously the possibility 
that something so completely foreign to 
my thinking may happen as to make any 
prognosis that I may hazard now look 
ridiculous in the year^ to come, yet I am 
going to be foolish and rash enough to 
forecast that, barring the return of the 
dark ages through the triumph the world 
over of tyranny over freedom, of the 
spirit of world conquest over the spirit 
of reason and peaceful change, life in 
America fifty or a hundred years hence 
will not differ nearly as much from the 
life of to-day as the life of to-day differs 
from that of a century or even a half cen¬ 
tury ago The processes and techniques 
that have been responsible for the enor¬ 
mous changes of the last century will con¬ 
tinue to improve our economic and social 
well-being, but the mam changes will 
come from a more general understanding 
by the voting public of the nature of 
these processes and a more intelligent use 
of them This will mean the gradual 
elimination of the effort to violate natural 
and social laws or, arithmetically stated, 
to make two plus two equal six, as we 
have been so ignorantly and so disas¬ 
trously trying to do in much of our social 
floundering of recent years 

So long as one is considering only the 
physical or biological bases of change the 
informed and competent scientist has 
some reason for confidence in his analysis 
as to the general direction which progress 
can and must take He at least knows 
a great many sorts of things that will not 
happen, and these are in the mam the 
very things that the umnformed dream¬ 
ers and wishful thinkers—the emotional 


pseudo-reformers, not the real ones— 
hope and expect to see happen. Thus, we 
shall never be able to transform the 
energy released m the burning of coal or 
m the absorption of the sun’s rays di¬ 
rectly and completely into electrical en¬ 
ergy Indeed, we shall never be able 
to go very much farther in this direction 
than we have already gone. 

To-day the most efficient internal com¬ 
bustion engines transform into work 35 
per cent of the heat energy released m 
the burning of the fuel, and it is safe to 
predict that m continuous operation we 
shall never be able to make very great 
advances beyond this limit By that I 
do not mean that through improvements 
m details efficiencies in the neighborhood 
of say 50 per cent arc completely out of 
the question But in any case, the so- 
called second law of thermodynamics, 
which has now taken its place as a part of 
the core of established knowledge in 
physics, stands in the way of the realiza¬ 
tion of the dreams of the multitude of 
inventors and magicians who still want to 
transform the sun’s heat rays directly 
and completely into work Though the 
knowlege that it can not be done is less 
than a hundred years old, it is about as 
firmly established as is the law of gravita¬ 
tion 

I have chosen the foregoing illustration 
because it lies at the very base of any 
correct analysis of what science has done 
and of what it is capable of doing in the 
future m bettering man’s lot on earth. 
Let us look first at what it has done, for 
this will enable us to understand better 
what it can do When in 1825 my grand¬ 
father loaded into a covered wagon bis 
young wife, his Lares and Penates and 
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all his worldly goods, and trekked west 
from Stockbridge, Mass, first to the 
Western Reserve m Ohio, and again in 
1838 to the banks of the Rock River in 
western Illinois, the conditions of that 
migration, the motives prompting it, the 
mode of travel of the emigrants, their 
various ways of meeting their needs and 
solving their problems, their whole out¬ 
look upon life, were extraordinarily like 
those which existed four thousand years 
earlier when Abraham trekked westward 
from Ur of the Chaldees In a word, 
the changes that have occurred within 
the past hundred years not only in the 
external conditions under which the aver¬ 
age man, at least m this western world, 
passes his life on earth, but in his super¬ 
stitions, such as the taboo on the number 
thirteen or on Friday sailings (why, my 
own grandmother carried a dried po¬ 
tato in her pocket to keep off rheumatism) 
in his fundamental beliefs, in his philos¬ 
ophy, in his conception of religion, in his 
whole world outlook, are probably 
greater than those that occurred during 
the preceding four thousand years all 
put together Life seems to remain static 
for thousands of years and then to shoot 
forward with amazing speed The last 
century has been one of those periods of 
extraordinary change, the most amazing 
in human history 

If, then, you ask me to put into one 
sentence the cause of that recent rapid 
and enormous change I should reply “It 
IS found in the discovery and utilization 
of the means by which heat energy can be 
made to do man's work for him " The 
key to the whole development is found in 
the use of power machines, and it is a 
most significant statistical fact that the 
standard of living m the various coun¬ 
tries of the world follows closely the 
order in which so-called labor-saving de¬ 
vices have been most widely put into use. 
In other words, the average man has to¬ 
day more of goods and services to con¬ 
sume in about the proportion in which he 


has been able to produce more of goods 
and services through the aid of the power 
machines which have been put into his 
hands In this country there is now 
expended about 13 5 horsepower hours 
per day per capita—^the equivalent of 
100 human slaves for each of us, in En¬ 
gland the figure is 6 7, in Germany 6 0, 
in France 4 5, in Japan 18, in Russia 
0 9, in China 0 5' In the last analysis, 
this use of power is why our most im¬ 
portant social changes have come about 
This is why we no longer drive our ships 
with human slaves chained to the oars as 
did the Romans and the Greeks This is 
why we no longer enslave whole peoples, 
as did the Pharaohs, for building our 
public structures and lash them to their 
tasks This is why ten times as many 
boys and girls are in the high school 
to-day in the United States as were there 
in 1890—more than five million now, 
half a million then This is why we 
have now an eight-hour day instead of, 
as then, a ten, a twelve—or sometimes a 
fourteen-hour day This is why we have 
on the average an automobile for every 
family in the country This is why the 
lowest class of male labor, % e, unskilled 
labor, gets nearly twice as much in real 
wages in the United States as m En¬ 
gland, three times as much as in Germany 
or France, and thirteen times as much 
as m Russia, and this is why the most 
abused class of labor in the world, 
domestic service, is even better off rela¬ 
tively in this country though completely 
unorganized, % e , through the unham¬ 
pered operation of economic laws, than 
IS any other class of labor, skilled or un¬ 
skilled 

Do not think that these are the one¬ 
sided pronouncements merely of an en¬ 
thusiastic scientist Any one can check 
them who will begin to study them 
Listen to President Karl Compton’s 

1 These figures are substantially as given in 
Am» Economic Review^ 1933, p 58, Bead, and 
in “Toward Civilization,“ Ilirshfeld, 1929. 
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formulation of the results of his similar 
historical studies He says ** 

From the days of the cave man, all through 
history up to the modem era of science, there 
were only two primitive recipes for securing the 
materials desired for the more abundant life 
One was to work hard and long in order to pro¬ 
duce more, and the other was to take the good 
things of life from some one else, by theft, con¬ 
quest, taxation or exploitation 

To get the good things of life by taking them 
from others is a primitive instinct, undoubtedly 
developed by the age-old struggle for existence 
We have all seen monkeys, or seagulls, or wolves, 
or pigs snatching food from each other, fighting 
to possess it, or shouldering each other away 
from the trough When human beings carry this 
philosophy too far beyond the accepted stand¬ 
ards, as did Jesse James and John Dillingor, we 
call them public enemies ” But this same 
philosophy of taking what we want from others, 
by violence and trickery, or by legalized strategy 
and force, has run all through human history. 

But, in reecnt times, modern science has devel¬ 
oped to give mankind, for the first time in the 
history of the human race, a way of securing a 
more abundant life which does not simply con¬ 
sist m taking away from some one else Science 
really creates wealth and opportunity where they 
did not exist before Whereas the old order was 
based on competition, the new order of science 
makes possible, for the first time, a cooperative 
creative effort in which every one is the gainer 
and no one the loser 

For this reason, 1 beheve that the advent of 
modern science ts the most important social 
event in all history It marks the point at which 
men have come to understand themselves and 
the world they live in well enough to begin sys¬ 
tematically to control the hidden forces of 
nature to their advantage Already science has 
done wonders to raise the standard of living 
and of knowledge, but these hidden forces are 
so great that we are assuredly only at the begin¬ 
ning of things possible 

Some significant facts regarding the effect of 
the machine on the wages and employment of 
the worker are these Counting 1840 as about 
the year in which power machinery came to be 
important in the United States, we find a steady 
increase since that date in the ratio of average 
wages to average prices of commodities, so that 
it is now about seven times what it was in 1840 
In other words, the average wage earner in 
America can to day buy seven times as much 

s * * The Social Impliciitions of Scientific Dis¬ 
covery.*' Published by the American Philo¬ 
sophical Society, Philadelphia, March 15, 1938 


with his wages as he could in 1840; or more than 
twice as much as he could in 1910. Also despite 
increasing population and increasing use of 
labor-saving machinery, the percentage of our 
population gainfully employed increased 25 per 
cent between 1870 and 1930. 

More material progress has been made during 
the past one hundred and fifty years under the 
American system of business enterprise than 
during all the preceding centuries in world his¬ 
tory This record of achievement is a challenge 
to those who would radically change that sys¬ 
tem . Under this system, the United States, 
with a population of less than 7 per cent, of 
the world's total, controls about 40 per cent of 
the wealth of the world One hundred years 
ago the average person had about 52 wants, of 
which 16 were regarded as necessities To-day 
the wants number 484 on the average, of which 
94 are looked upon as necessities.^ 

These facts, with their primary cause, 
are basic in enabling us to forecast the 
possibilities of improvement in the cen¬ 
tury that IS ahead They make it well- 
nigh certain that we shall increase in 
economic well-being in the future just as 
we have in the past in just the propor¬ 
tion in which we continue to apply sci¬ 
ence and engineering to our industries 
and thus produce more and more in goods 
and services per man hour, thus freeing 
more and more men, more and more time, 
and more and more brains for education, 
for research, for art and for all the other 
service industries There is a saturation 
point for automobiles and radios, but 
there is no such thing as saturation in 
education or the service industries gen¬ 
erally 

Civilization consists in the multiplica¬ 
tion and refinement of human wants 
It IS a simple historical fact that these 
wants have actually developed with 
great rapidity wherever and whenever 
labor-saving machines have been rapidly 
introduced In 1900 60 per cent of our 
population was on, or supported im¬ 
mediately by, the farm, in 1930 not over 

8 This last paragraph of the quotation from 
Compton ho m turn takos from a pamphlet dis¬ 
tributed by the iVst National Bonk of Boston. 
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44 per cent^* Without serious unemploy¬ 
ment in that period the millions of dis¬ 
placed farmers found their way into 
garages, service stations, newly created 
secretarial jobs, news reporting, a newly 
created telephone service, advertising, in¬ 
surance, gardening, domestic service and 
a thousand other service industries, and 
no serious or prolonged unemployment 
occurred until the enterprisers who nor- 
mallv create the new jobs began to be 
suppressed, legislated against and scared 
by iinw'ise financial and political policies 
The faster science and engineering are 
applied to industry the faster we ought 
to progress There is literally no other 
way of comparable elfectiveness to raise 
the standard of living, and the chief 
element in its etfectiveness is in getting 
more power into the hands of the laborer 
so that he can produce more tor himself, 
for 111 the last analysis the laborer taken 
as a whole gets under almost any modern 
social system practically all that he pro- 
(lu(*es According to the United States 
Department of Commerce, in 1936 labor 
received directly 66 5 per cent of the 
national income Indirectlv it received 
nearly all the rest ot it, since the idle 
ru'h represent an insignificant fraction 
of the population and they pass on prac¬ 
tically all that they receive to workers 
of some kind 

My forecast of the future, then, must 
depend on what the future’s sources of 
power are to be and on the cost of that 
power That is whj’^ I began with a con¬ 
sideration of the possibility of getting 
more woik out of a pound of coal At 
present the main sources of power are 
coal and oil, with water playing a minor 
role and being in general more expensive. 
This situation will continue for a thou¬ 
sand years, for though the oil will per¬ 
haps be gone m fifty years, the coal will 

* Thene figures are taken from the U 8 Census, 
which classifies as belonging to the * ‘ rural popu 
lation^’ all persons living in the country or in 
cities, tpwns and villages of less than 2,500 in 
habitants. 


last for at least another millennium. The 
big steam plant is now nearly or quite as 
efficient as the best Diesel motor, but for 
small power purposes, motor vehicles and 
the like, the internal combustion engine 
IS and will (*ontinue to be indispensable 
However, wt already know how to make 
liquid fuel from (*oal, so that when the oil 
is gone we shall still be able to get liquid 
fuel for our internal combustion engines 
There are, 1 think, no other possible 
sources ot power of comparable cheap¬ 
ness When the oil and the coal are gone 
we shall get our powder either directly 
from the sun through solar motors, or 
wind mills or tidal machines, or else in¬ 
directly through growing and burning 
plants, but it will then cost us more than 
it docs now So far as tapping the energy 
‘locked up m the atoms” is concerned 
w'e can count that out We can of course 
do it now in principle through radio¬ 
activity, but 1 see no possibility fifty 
years from now^ of ever supplying the 
world’s powTr needs, or even a minute 
portion ot them, from any such source. 

For the foregoing reasons, then, fifty 
years Irom now the world will look to 
us, from the point of view of power, not 
so very ditfeient from what it looks now 
Air travel wull of course have increased, 
but the great bulk of the freight will go 
as now' by surface vehicles or by steam¬ 
ships propelled in the essential partic¬ 
ulars much as tliey are to-day The art 
of communications, too, is already a 
pretty well perfected art, and though it 
may be considerably cheaper than now, 
more messages being simultaneously 
carried over a given cable, so far as the 
techniques used are concerned I do not 
expect any very radical or startling 
change 

Among the natural sciences biology 
has the opportunity to do the big new 
things so far as their immediate effect 
on human living is concerned, and I 
have no doubt that in the field of public 
health the control of disease, the cessation 
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of the continuous reproduction of the 
unfit, etc , big advances will be made, but 
here I am not a competent witness, and I 
find on the whole those who are the most 
competent and informed the most con¬ 
servative 

The most burning and most uncertain 
situation about the future has to do with 
social and political matters, and it should 
be remembered that all the foregoing 
forecast was based on the assumption 
that our present civilization would not be 
destroyed by man’s present or prospec¬ 
tive international wickedness, stupidity 
and folly I know of no direct way in 
which scieni*e can prevent that, for I see 
no prospecd of our ever being able to turn 
some new type of ray upon a dictator 
filled with the lust of power and con- 
(|uest and thus transform him into a 
humanitarian Indirectly, however, the 
sciences of explosives and poison gases, of 
aerodynami(*s, of communications with 
its corollary, the rapid spread of knowl¬ 
edge among the people, are doing the 
work It was the fear of the bombing of 
London and Pans that prevented the be¬ 
ginning of another world war last Sep¬ 
tember The peoples of all countries, 
including the dictatorships, are coming 
more and more to the realization that 
such another w^ar can bring only death 


and destruction to everybody—the end 
of civilization, not the world domination 
which the demagogic leader promises. 
It IS the rapid spread of knowledge by 
the elfective methods that modern science 
has developed that gives good ground for 
hope that a world war will not come The 
science of geology has shown that some¬ 
thing like three fourths of the coal and 
the metals, the ultimate sources of power, 
are in the democratic countries This 
fact together with the knowledge that 
these countries can be and have already 
been roused to arm to defend themselves 
is the great influence that makes for con¬ 
tinued peace in the w^orld to-day and 
that gives promise that a permanent 
method of assuring peace may ultimately 
be worked out But these countries must 
have the intelligence, the long-range sel¬ 
fishness to see the hopelessness, the folly 
at a time like this of a policy of division 
and isolation They must obviously, it 
seems to me, jom their powers m time to 
show the international bandits the hope¬ 
lessness of their threatened spring at the 
throat of the world If they, including 
ourselves, will do this, then I think there 
wull be no war, and then I stand by my 
prognosis of a golden age ahead through 
the further growth ot science and its ap¬ 
plication to the well-being of mankind 
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Near the northwestern corner of Mon¬ 
tana lie what Meriwether Lewis calletl 
the “shining? mountains Peaks of buff, 
red and fiji’eeu rise in two ranj^es, blue 
lakes extend from the plains into valleys 
walled by many-hued roc'ks Yellow 
flow'ds f?row at the edj?es of snowdrifts, 
while in hi{;:h, snow'-swept basins the ice 
of sixty glaciers gleams They, and miicli 
greater ice streams of the past, give their 
name to Glacier National Paik 

Th(* region has contrasts as w'ell as 
color Meadows surround vast rock- 
heaps, cannons alternate with cliffs In 
the valleys are tall Douglas firs and 
cedais, w'hile passes support stunted 
pines and willows whose catkins stand 
baiely two inches above the ground 
Along the eastern border of the Park, 
moinitaius rise abruptly from plains, and 
old r()(*ks stand on top of young ones 
Those old locks foim ever> high ridge 
and peak et their beds contain beaches 
and sea bottoms, and show how storms 
sw'ept muddy shallows, 650,000,000 years 
ago 

A topsy-tur\y, paradoxical jumble ? It 
seems so to many a tourist who tiies to 
gitisp it as he travels by bus or heavy- 
footed cayuse It is less confusing to 
those who w'alk, foi they have time to 
look, to think and to piece misplac'cd sec¬ 
tions together In the end, liikd*s have a 
story which ‘ ‘ makes sense, ^ * even though 
it does mingle upheavals with such every¬ 
day affairs as wind and sandstorms blown 
from dry hilLs 

This story begins in the late Proterozoic 
Bra, some 650,000,000 years ago North 
America existed in these days, of course, 

1 A detailed stati'inent of evidence on which 
eoneluHious in this artule are baaed has been 
published in the Bulletin of the Geologxcal 
Society of America, 48 1873-1970, 1937 


but it W'as not like the continent acioss 
winch we tia\el to-da\ It probably was 
bigger and warmer It also suppoited at 
least two seas One of these spiead north¬ 
ward across Arizona, at least as far as 
W>oming The other advanced from the 
Arctic Ocean In time, it piobabl> joined 
waters with the sea W'hose shoals and 
muds now' he fur down in the Giand 
C'an> on 

Rocks of the ‘‘shining mountains’^ 
were foimed in the sea that came from 
the Arctic Ocean That s(»a was long, 
nanow and shallowr, the pait of it which 
we know' best was never very far from 
lam I Rivers flowed from that land, 
bringing loads of sand and silt, as well 
as dissolved minerals such as dolomite 
and lime For millions of years these 
sediments gathered, while the sea bottom 
intermittently sank At last it held a 
\aried senes ot locks W'hose full thickness 
is 60,000 feet 

At this point theie is a gap in the 
story , a gap which must be filled in from 
rock-records in other parts of Montana 
They show that the Proterozoic Era 
ended with uplift winch built mountains 
The mountains then were worn away', the 
countiy' began to sink, and new seas ad¬ 
vanced from the Arctic Though they' 
never were very deep at one time, their 
basins sank lepeatedly, and so allowed 
vast amounts of viml, silt and mud to 
settle in the basins Wheie they can be 
found, th(»se deposits tell events of the 
Paleozoic Era, v^hl(*h lasted 350,000,000 
years 

This bungs us to the Era of Reptiles, 
and back to the region ot Glacier National 
Park Sinking again gave way to uplift, 
and rocks that had lain beneath tlie sea 
were pushed upward into swampy land 
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Photo hy Hileman 

BEDS OF RED AND WHITE STONE 


WHICH SETTLED IN A SHALLOW SFA MORE THAN 600,000,000 YEARS AGO THEY WERE BENT, 
BROKEN AND PUSHED ACROSS ONE ANOTHER WHEN UPLD’T MADE THE MOUNTAINS OP GLACIER 

NATIONAL PARK. 
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((*) Photo hy H%U man 

PTARDKNED, RAISED SEA BOTTOMS 

FORM SCENERY IN THE SHINING MOUNTAINS*' HERE, ORINNKLL OLAdFR IS DIGaiNG THE 
MARINE RO( KS AA\ AY ALONG Till (0NT1NFNT\L niVlDl 


In th()s(» swHinps appeared dinosauis with 
sliort forelej?s and (luc'klike beaks, as well 
as others whose bodies ^^ere sheatlied in 
armor They wandeied Ihrmii^h grlades 
whieh to-day are bare plains of the Blaek- 
feet Reservation Then they fled befoie 
a Ch*etaeeons, or Chalk Afre, sea whose 
muds now he beneath the mountains as 
well as in iidj>:es near them 

Soon—"eol o{?ieaI]y soon—that sea 
itself began to i el real A tiemendoiis 
foiee, pushed from the westward, 
scpieezed and bent the rooks that had 
settled 111 the basin through two long eras 
Before this force, the strata heaved up¬ 
ward in folds, pushed still farther, they 
crumpled and broke, moving upwaid and 
eastward more than thirty miles AVhen 
the eai th(|iiakes of uplift ceased, moun¬ 
tains of Proterozoic rock stood upon beds 
of Creta(*eous age stretching eastward to 
form the plains Between them lay the 
Lewis Fault the break along which the 


mountains moved, lepresenting a gap m 
time of two geologic eras and about 600,- 
000,000 years 

Though crumpled and shattered near 
the line of iiplitt, the mountain-foimmg 
locks suffered slight change Appearing 
niiieli as wdien thev weie formed, they 
link the past witli modern scenes of val- 
ley, peak and glacier, recording condi¬ 
tions with lange from shifting wniids to 
advances of sea, they ie\eal ancient en- 
Mronments in often surprising detail 
Since fossils occur in maiiv beds, their 
structun»s (coupled wnth sediments) show 
how" very ancient life met environmental 
demands. 

The scenic im]>( rtance of rocks fiist im- 
pi esses the Msitor He sees mountains 
whose colors are more varied than those 
of the Grand Can,von---each color the 
product of special evimts in which laud, 
sti earns and sea combined lie finds that 
low limestones make wateifalls, while 
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BIPPLE MARKS 

MADE BY CURRENTS WHICH SWEPT ACROSS A SHALLOW BAY WHEN WESTERN MONTANA WAS A 
SEA SUCH MARKS ARE STEEPER ON ONE SIDE THAN ON THE OTHER 



RECORDS OP SHIFTING WINDS 

THESE WAVE MADE RIPPLES VRE EQUALLY STFFP ON BOTH SIDES WHEN THE WIND CHANGED, 
W WES BUILT NEW RIPPLES ACROSS OLD ONES 
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CROSS BKDBED QITABTZITK 

THI8 SANDY STONE CONTAINS PEUOLFS WASHED INTO SHOALS RY STORMS 


high ones form steep cliffs lied argillites 
produce pinnacles and ridges, greenish 
one.s underlie genlh* slo])es or appear m 
low, rounded peaks Thus varied Pio- 
terozoie muds have contiolled mountain 
sculpture by fiost and streams, as well 
as tlie work of glaciers that spread during 
the last lee Age 

Those who seek ancient (Mivironments 
are concerned with smaller features than 
thei>e Formations furnish a general 
scheme, but the countless strata and las¬ 
ers of which they are built hold those 
detailed reeords of ehange whndi tell how 
deep the ancient sea was and how salty 
They traee its shiftings, its currents and 
its waves Some even tell how fast sedi¬ 
ment settled on its bottom 

Let us start with the rate of sedimen¬ 
tation Some beds of rock are thick and 
are made of coarse pebbles and sand, 
they show rapid accumulation near the 
mouths of heavily laden streams Other 
beds are fine mudstones or lime in layers 


almost paper-thin Some strata of green 
argillite (a shale-like stone) show 56 dis¬ 
tinct layers to the inch If each layer is 
a summeror a winter’s mud, that inch 
took 28 yeais to form 

But IS each layer a season’s deposit? 
That question is answcied by finely 
banded maible winch lies below the argil¬ 
lite Bands in this marble are dark and 
light, the dark ones being made by carbon 
which came fiom simple water plants 
Such plants gi’ow abundantly m summer, 
when light is stiong, they grow slowly or 
not at all in the wunter, when sunlight is 
scanty The evidence becomes specially 
convincing when w'e trace carbon-nch 
layei’s of stone directly into colonies of 
fossil plants, and find that these layei’s 
not only are dark, but are much thicker 
than layers which have v ery little carbon 
With a little practise, this method can 
be extended to beds in which carbon is 
scarce It also can be used to interpret 
layers so thin that their rate of accumula- 
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tion was almost unbelievably slow In 
one series of mudstones which appear 
high in the mountains, many layers ac¬ 
cumulated at a rate of 60 to 75 years per 
inch, while some show the almost unbe¬ 
lievably slow rate of 340 yeai's for a single 
inidi of stone 

These beds mean quiet as well as shal¬ 
low watei—^>^et such conditions were not 
the rule Beds of limestone, shale and 
sand unite in bearing ripple marks that 
were made when breezes swept the shoals 
in which they w^ere deposited When the 
wind changed it built new maiks (5Utting 
those alieady formed, sandy beds near 
Swiftcurrent Pass abound in cioss ripples 
so perfectly shaped that their crests en¬ 
close almost exact squares Breezes w^ere 
uncertain indeed on that special Pro¬ 
terozoic bay 

Currents also swept near shore, build¬ 
ing ripple marks with one side steep, not 


symmetrical like those of waves They 
often are found with criss-crossed layers 
of alternating mudstone and sand Such 
cross-bedding is one mark of shoals across 
which conflicting currents swept, break¬ 
ing the sediments beneath and dropping 
the fragments at varied angles It often 
appears in river channel deposits and 
dunes, but no clear trace of either has 
been found within Glacier National Park 
But what are these tlark nsl lumps 
scattered among beds of white sand? 
They seem to have rolled, snowball style, 
over a surface of sticky mud Storms set 
them on this path to growth, reaching 
shallows, 1he\ stianded in sand when the 
waves or (Uii rents became too weak to 
carry them farther The balls settled 
among a mixture of sand, pebbles and 
chips of partly-hardened mud which 
w’-ere torn from the sea bottom while the 
mud balls w’ere rolling about 



MUD BRECCIA 

THE LARGE PFHBLES ARE MUD WHICH STORMS TORE FROM THE SKA BOTTOM AND MIXED WITH COARSE 

SAND FROM THE LAND. 
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Those storms did not advance into 
shoals from the open sea Instead, they 
apparently begran on land at the end of 
each dry, or summer, season Break of 
the drought was heralded by gales which 
carried sand and pebbles seaward from 
the semi-desert hills Then eloiidbursts 
revived dry streams, turning them irib) 
floods that earned vast quantities of sedi¬ 
ment to the wide-spread shallows near 
shore There they took up layers that 
had partly hardened, rolled sticky mud 
into balls, mixed fragments of all sorts 
together, and then allowed them to settle 
in strata whose technieal name is mud or 
edgewise brccctas 

These breccias mean that water was 
shallow much shallower than that of 
most lakes Over thousands of sipiaie 
miles and through millions of years, the 
Proteiozoic sea bottom lay so nt^ar the 
surface that each dry season laid it bare 
Then'saiid flats or mud flats steamed in 
the sun, to be pelted and pitted b> rams 
that fell before they had tune to harden 
Hail dug e\en sharpei pits, whose oblique 
angles trace directions of wind through 
which the hail-stoncs fell Often a single 
sandy ledge records stoims of both land 



R\TN PRINTS 

AI.MOST 050,000,000 YfcARb OLD THEY WERE 
MADE IN PL\8Tie, BLUKCtRU^N MUD 


and sea m its eross-be<ls, mud balls, peb¬ 
bles and rain or hail pits 

It also may show that the muds dried 
and cracked, as pond muds do to-day. 
Unlike pond muds, the edges of cracked 



SLEET PRINTS AND FILLINGS 

ON THE LEFT ARE PRINTS MADF BY SliEET, DRIVEN BT A SOUTHWEST WIND ON THE RIGHT 18 A 
PIECE OP HARDENED MUD WHICH COVERED AND FILLED THE SLEET PRINTS 





CRACKED MUDS 

OF A SEA 80 SHALLOW THAT THOUSANDS OF BQUARK MILKS LAY BARF, DURINO EACH DRY SEASON 
THK LARGE SLAB SHOWS THE UPPER SIDF OF A BED, THE SMALL ONE, THE UNDFR SIDE NOTE 
HOW THE CRACKED EDGES TURN DOWNWARD 

Prot(*r()Z()ic Tiiuds turned down or refused strata of Glacier Park Many strata also 
to curl—situation reproduced to-day if contain sane I v cubes which are casts of 
we dissolve salt in fresh water silts The salt crystals formed when shallow waters 
more salt we add, the more the ed^es curl evaporated Yet these very beds are sup- 
downward as water in our test pan evap- posed to be silts left by overflowing 
orates a clue to shifting salinity in seas streams ’ 

whose sediments are vaiiably Clacked Hut wh> not a great salt lake? It 

But must the rocks of Glacier Park be W'ould liave to be very great indeed, tor 
marine? There are two theories which the basin filled by these sediments would 
hold they are not One of these theories have held twenty lakes the size of Su- 
pictures these strata as deposits in a chain perior Though shifting, it sank through 
of inland lakes, thus accounting for their millions of years while 60,000 feet of rock 
seeming lack of fossil marine animals were carried down from its shores Only 
The other theory comiiares the rippled, seas are known to last so long, and as seas 
mud-cracked beds to those left when we may regard the waters that swept 
streanLS overflow and cover adjoining Montana in Proterozoic times 
plains with silt It would make at least With this the story of fossils agrees 
three fourths of these rocks the products For animals it is incomplete. two slabs 
of such seasonal floods bearing burrows of worms that bored in 

The latter explanation is hard to be- a beach of fine, brown sand, and two 
lieve Though streams contain very little marks that seem to be clam trails Sup- 
salt, saline muderaeks are the rule in poseil crustaceans prove to be broken 
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Photo by Hileman 

CTRQUK WALT. OF ICEBERG LAKE 

CUT BY AN ALMOST VANISHED OLACIFR THE LIOllT GRAY BAND IS A BANK OF FOSSIL ALQAE, AROUT 

100 FEET THICK 
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fronds of brown seaweeds, eleven shells 
from the Bijj: Belt Mountains undoubt¬ 
edly are niarnie Although these shells 
wore found 150 miles from Glaeier Park, 
they lay in rooks whose a^e was identieal 
with the ‘limestones” (really dolomites) 
which form much of the Continental 
Divide 111 the Park and northward into 
Alberta These are the rocks whose sup¬ 
posed lack of sea animals was turned into 
evidence thatr the “limestones” settled in 
freshwater lakes 

Though animal remains are few, fossil 
plants of the "roup called al^ae are com¬ 
mon At the veiy toot of the mountains 
they appear in praji marbles that weather 
to brilliant buff When broken, some 
strata show irref*:ular films of black—the 
supposed crustacean shells Those films 
actually are remains of seaweeds which 
looked somewhat like the modem rock- 
weed, but grew on muddy banks If 
abundance as foasils means abundance in 


life, those seaweeds whmc common and 
wnde-sj)read 

A few' teet lughei lie massixe beds of 
closely packed, oblupie columns Each 
column is oval in section, consistni" ot 
hundreds of convex la.vers resembling 
saucers piled hottom-side-np Though 
opinion IS not uiuinimons, it seems cer¬ 
tain that these columns w^ere built by 
colonies of filamentous algae, each of 
winch deposited laveis of lime in the 
jjelhlike mass surrounding its fibers 
Thus, even while alive, these plants built 
rocks which were finner than the muds 
that settled in less populous bays 

The thick gieen and red formations 
have not afforded one fossil plant But 
scarce!\ did lime bottoms return when a 
new' sort of alga appeared, spreading out 
ill biscuits or domes, or crowding into 
compact beds whidi are as black as coal 
Though now largely dolomite, the algal 
filaments provided carbon enough to stain 
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that rock black and to color the adjom- 
iii|? beds 

Scattered widely throuj^h Glacier Park 
and in southern Alberta as well, these 
fossils are most abundant on tw^o of the 
southei 11 passes There they he among 
dwarf willows and snow, above slopes 
where strange alpine plants sink roots tw^o 
feet into the soil as anchors for three-inch 
crowns of lea^ es Again one contrasts the 
alpine present w'lth a jiast of seas and 
primitive plants whose life processes built 
layers of stone 

Still higher are ledges about a hundred 
feet thick, foimed by conical (*olonies 
On exposed spots they exjiand into sheets 
—apparent proof that tw'o ‘^specles^^ are 
one and that earlv algae varied in form 
according to vaiied conditions of life 
As a matter of fact, seveial true species 
of algae probably (*ombnied in each of 
these ancient colonies, just as they do in 
modem giowths One group of species 
made the columnar fossils, another pro¬ 
duced the black masses, and still a third 


made the cone-shaped colonics w^hich form 
the massive gray ledges that show plainly 
in the buff cliffs of almost e\ery high 
mountain in the Park 

Some geologists (*all such massive beds 
reefs, though a reef should be a dome or 
ridge For decades no tiue reefs were 
knowui fiom Proterozoic rocks in the 
northern Rockies Now, trails pass sev¬ 
eral small ones, while a traiis-mountam 
highway has cut two whose perfection fits 
them for text-books They show the low 
central core, or ridge, composed of conical 
colonies who>e weight squeezed and com¬ 
pressed the soft muds on which they 
grew These squeezed, depressed layers 
prove that reefs can develop on soft bot¬ 
toms as well as the hard platforms which 
are furnished by stony banks or sub¬ 
merged volcanoes 

These reefs also show^ how greatly the 
plant colonies indulged in ecologic varia¬ 
tion Where crowded, they formed com¬ 
pact cones, at the reef edge, wliere cur¬ 
rents swept, they spread out in wrinkled 



A KKEF OF IJMY ALGAE 

WHICH GREW ON MUD SO SOFT THAT THE WEIGHT OF THE RFEF BENT IT DOWNWARD GOINQ TO- 
THE SUN HIGHWAY, 6 4 MlLFS NORTHWESTWARD FROM LOGAN PASS 
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SUBMARINE LAVA 

PART or A FLOW WHICH COVFRKD LIVING ALGAF AND BAKED T1I>M INTO REDDISH BROWN LUMPS 


sheets Where erowdinj^ was not intense, 
the> assumed spongeJike forms, while out 
on the open, unerowded mud they prrew 
111 irregular, flattish masses An asso¬ 
ciated ‘‘species” grew in closely packed 
columns, while another (which grew away 
from the reefs) formed flattened biscuits 
of stone whose widths reached 5 feet 
Where water was \er> shallow and waves 
secured a great deal of air, these biscuits 
fused into compound colonies 8 5 feet in 
diameter and 3 to 4 5 feet thick 

Though these colonies varied according 
to different suriounduigs, they met no 
such problems as those that faced plants 
which are found in greenish shales near 
the crest of the Continental Divide 
These algae lived on shallow, wave-swept 
shoals on layers of hardened, deeply 
cracked mud that a few montlis before 
had been land Currents and storms 
swept these shoals, overturning small 
colonies and piling lasers ot mud upon 
others that were too massive to be dis¬ 
turbed At times the sea water disap¬ 


peared, allowing both plants and mud to 
dry out, at others, submarine lavas 
poured forth, baking the algal colonies 
to brittle balls that now^ are covered by 
lumps and lopy twists of lava Between 
eruptions the plants returned, only to 
meet a similar fate when new cracks 
opened and rnoi’c lava emerged They 
could find no peace in a steaming sea 
which dried or was flooded betw^een erup¬ 
tions Kven when lava no longer poured 
out, these algae failed to regain foothold 
in the ba\s Though they may not at 
once have become extinct, they \anished 
from the recouls of Glacier Park 

The import of thosi‘ records is clear. 
They link the present with the past—^not 
merely in scenery, but in waves, winds, 
rivers, sea floois and even submarine 
eruptions They present early environ¬ 
ments wuth detail not achieved for many 
later seas, whose deposits are much more 
familiar Finally, they show simple or¬ 
ganisms living as simple things live to¬ 
day, meeting failure or success as condi¬ 
tions and their own abilities decide 





SPANISH METHODS OF CONQUEST AND 
COLONIZATION IN YUCATAN, 1527-1550 

I. ROYAL POLICY 

By Dr. ROBERT S CHAMBERLAIN 

THE CARNEOIF INSTITUTION OF WASIIINOTON 


Portugal and Siiam were the leaders 
in the j*:ieat movement whieh has been 
termed the Expansion of Europe They 
weie tlie first of the states to create 
eoJonial enipiies in the modem sense, the 
former la>inj>: the fonndatjous for over¬ 
seas expansion in the mid-fifteenth eeii- 
tury as a result of the activities of Prince 
Heniy the Navi{;,mtor, and the latter 
through the discoveiy of the New Woild 
by Columbus at the close of the century 
The empire of Portugal was, with the 
exception of Brazil, wholly maritime and 
commercial, consisting of islands and 
trading stations along the sea lanes 
aiound Africa to India, the 8pice Islands 
and China, that of Spain was continental 
With lier slender resources, Poitugal held 
her possessions but thinl> and soon lost 
her impoitanee, Spain, A\ith her greater 
population and wealth, from the fiist di¬ 
rected her effoits toward true colonization 
and, in an almost inci edible displav of 
spiritual and material force, created one 
of the gieatest o\erseas empires which his¬ 
tory has witnessed while simultaneously 
engagiMl in establishing her hegemony in 
Euiope 

Being fiist in the field, in establishing 
their o\erseas empires and theiein creat¬ 
ing something which had hitherto not 
existed, Portugal and Spain were forced 
to rely entirely on their own native tal¬ 
ents They could look to no other peojiles 
for guidance, and they could not rest tlieir 
policies on the experience of any otheis 

The Spanish lands of the New World 
pertained directly to the Crown of Cas¬ 
tile, and it was consequently the sovei- 
eigus of Castile who were required to 


meet the extremely complex problems 
arising from tin* creation of a vast 
colonial eminre in lands heavily popu¬ 
lated by unknown peoples, certain of 
whom possessed ancient and relati\ely 
high cultures All activity toward colo¬ 
nization derived from the Crown as 
the sole source of authoiity and the pio- 
piietor of the lands concerned In this 
connection it is to be noted that among 
the Spanish kingdoms it was Aragon, 
through her Mediterranean holdings, 
and not Castile, which had gained experi¬ 
ence in the administi ation of overseas pos¬ 
sessions The soveieigns of Castile to the 
Aery }ear of the discovery of the New 
World had been engaged in the Recon- 
qimia, consummated by the conquest of 
(Iran a da, and had been concerned with 
the consolidation of their realms and the 
establishment of their supreme authority 
Castile heretofore had not turned Ikt 
attention outward, and in solving the 
problems of overseas colonization she was 
forced to build from the giound up 
The efforts of the Sjianiaids in the field 
of colonization have all too frequently 
been lightly dismissed, especially by 
Anglo-Saxons, as those of a people who 
possessed no aptitude for such endeavor 
and who had no objectives other than to 
WTing from the natives, the mines and the 
soil the last ounce of personal profit The 
eaily colonists base been represented as 
little more than bands of utterly cruel and 
uqiacious, if indeed amazingly daring 
and couiageous, conquerors, who killed, 
robbed and oppressed for no other pur¬ 
pose than to achieve sudden wealth m its 
most tangible form, that of gold The 
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policies of the Crown have been regarded 
as those of thoroughly unenlightened, in¬ 
tolerant, oppressive, despotic and heavy- 
handed absolute monarchs who, disre¬ 
garding completely the welfare of colon¬ 
ists and Indians alike, sought nothing 
more than the full exploitation of the 
overseas possessions in their own benefit 
and in that of the metropolis 

Ou the opposite extreme are those of a 
so-called revisionist school, who in com¬ 
paratively recent years have pi evented a 
wholly favorable picture of a beneficent 
government which brought to the Indians 
the blessings of a higher civilization and 
a true religion Unfavorable aspects of 
government, coiique.st, colonization and 
the Church have been glossed over, la- 


tionalized or explained away, and the fre¬ 
quent wide divergence between the theo¬ 
ries, policies and intent of the Crown on 
the one hand and the actual practices and 
conditions on the other has been ignored, 
as has the Spanish tendency toward legal¬ 
ism and formalism, which at times en¬ 
genders strict observance of the letter 
and form, but violation of the spirit and 
intent 

Both contentions have bases in actual¬ 
ity, and, as is almost invariably the case, 
the truth lies at some undetermined point 
between the t\^o extremes It is my pur¬ 
pose briefly to analyze, compare and con¬ 
trast various aspects of the policies of the 
Crown on the one hand and on the olhei 
the actual practices as exemplified in 











CONQUEST AND COLONIZATION IN YUCATAN 


229 



(’HICHEN ITZA AND SUKBOITNDING COUNTUY, LOOKING EAST 
The principal struetuies in the background arc, from loft to right, the Ball Court, the Castillo 
and the Temple of the Warriors The group in the foreground to the left consists of the Cam 
del Vtnado, the Casa ColnradOf the Casa dt Monjas^ the Caracol and the Allah 'Dsth Between 
the hues of the former and latter groups of strut tures is the Osarto To the right in the fore 
ground is the hactefidUt nowr headquarters of the ('nriiegie Institution of Washington, and the 
thapel It was among, or close to, these buildings, alread> abandoned by the Maya, that the 
Castilians, late in 15J2 or early in 15d3, established the shoit lived eitv of Ciudad Real Accord¬ 
ing to the most recent reconstruction, the history of Chichen Tt76 is brielh .is follows Founded 
at an uncertain d.ito, Chichen Tt/a was otcupiod b} Yueatecan Maya until a d 88J) This is the 
period of pre Mexican architeiture Theie followed, fiom 889 to 987, an era of inactivity 
From 987 to 118.5 the Tt/ds, a Mexican people under the semi legendary (juetzalcoatl, or Kukul- 
tan, as he was known to the Maja, occupied the tit> A period of groat architectural activity 
ensued, in which now forms, based on the worship of Quotzalcoatl, the Feathered Serpent, were 
introduced Kukulcan founded Ma^apan as a political capital, and a league of the throe fore 
most cities of Vucatan, Mayapan, ('’hichcm It/d and Uxinal, kiiowui as the League of Mayapan, 
was formed Chichen It/d lemninod an important religious center The league, under tho 
dominance of Mayapan, rcmiainc'd supicmie in Yucatan until the inid lifti‘enth centui>, when 
internecine strife led to its brc'ak up, the dt*struction of Mayapan and the abandonment of 
Chichen It/d Yucatan thereupon fell apart into relatively sm.ill indcqiendent raexcazgos and 
a period of jiolitical decadcuice tollowc*d Theie was, however, something of a rcwival of Msva 

influences in tlie crafts 


the conquest and initial colonization of 
Y neat an 

In apjiioaching the snbjO(*t of tho 
methods of conquest and colonization two 
factors must be borne in mind, as has just 
been inferitul first, the policies and in¬ 
tent of the sovereigns of Castile, which are 
well set forth in the “Recopilacidn de 
Leyes de las Tndias,^’ published in 
1680, one of the greatest of colonial codes, 
and, second, tlie acts and purposes of 
those wlio carried Castilian dominion to 
the Amer icas Conquest and colonization 
were given their character by the iiiter- 
workings of these two factoi*s, and the lat¬ 


ter often negated the former, at least tem- 
porarilv Tlie soveieigns through laws 
and oidiuHnces established the norms 
within which, exeicising corisideiable ini- 
tiatne with lespcct to methods and spe¬ 
cific policies, the (onquisfadorer leduced 
and setthsl the lands over which they were 
delegated authority In this regard, it is 
to be pointed out that the full forms of 
absolute loyal government were not estab¬ 
lished until after the great conquests had 
been achieved and initial colonization had 
been begun 

The Crown had as its objectives the ex¬ 
pansion of its realms, tlie gaining of 
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THE CASTILLO, CHTCHEN ITZA 

This view shows the structure as it appeared during the Msits made to Yuuitan by the American 
diplomat and exploier, John L Stephens, in 1839-1840 and 1841-1842 The drawing was 
mado by Frederick Catherwood, an English artist and architect who uttompanied Stephens The 
CdsttUo was dedu ated to the worship of K.ukulcan, or Qiictralcoatl, the patron deity of 

Chichen Ttzd 


further siibjeets, the inereaso of revenues 
and the Cliristmnization of the Indians 
and the winnmp: of them for the Roman 
Faith The conquistadotes and other 
early colonists weie motivated by many 
and varied fon^es desire tor opportunitv' 
denied to them in Castile, the wnsh for 
personal wealth and position (piicklv and 
readily^ achieved, desii^ for jrloiy and love 
of adventure, the desire to serve their 
sovereign and add to the luster of his 
throne, the ei usadiiig spiiit and, to a eei- 
tain degre(‘, in instances, a siik'Ci e desire 
to aid in the winning of souls for the True 
Faith 

The princijictl pioblems before the 
Crown were the establishment of govern¬ 
ment, economic institutions, the Churcli 
and soinal forms, the latter of w^hich, rest¬ 
ing on religious bases, were centered in 
the relations between the natives and the 


Castilians and the legal status to bo given 
to the Indians The political and eco¬ 
nomic problems with winch the sovereigns 
of Castile were confronted were in the 
bioader sense common to all colonizing 
states, but the religious element assumed 
a vital importance wuth respect to Cas¬ 
tilian colonization which it possessed 
nowhere else 

The sincere religious zeal of the Crown 
can scarcely be overemjihasized, and it is 
to be remembeied that the crusading 
spiiit was stioiig 111 Spain after the cen¬ 
turies of the Bcconqimtu, whicli, signifi- 
cantlys is also known as the Perpetual 
Crusade, and that upon the conquest 
of Granada this spirit was projected 
outward Closelv related to this re¬ 
ligious zeal w’as the equally^ sincere de¬ 
sire of the Crown for the well-being of 
its Indian vassals The Christianization 
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of the natives, their entrance into the 
fold of the Church and their welfare was 
invariably declared by the sovereij^is to 
be ^‘our principal desire and intent,'^ and 
there is no reason to doubt this declara¬ 
tion as a sincere statement of purpose 
To j 2 :ain an appreciation of the impor¬ 
tance of the religious moti\e it is only 
necessary to recall the aims of Isabella, 
the policies of Charles V, who, with all his 
vast political responsibilities as Emperor 
and King of Castile and Aragon, never 
lost sight of his objectives of reforming 
the Church and of healing the breach be- 
tween Catholics and Piotestants and 
bringing the latter once more Avithin the 
fold of Rome, and the purposes of Philip 
II, who, h()we\er intolerant, regarded 
himself as a chosen instrument of God to 
restore the unitv of Christendom within 
the (.^hurch, extirpating what he believed 
to be the false doctrines wdiudi were rend¬ 
ing the seamless robe of Clirist 


The conquest and colonization of the 
New World consequently has two aspects, 
the temporal and the spiritual The sub¬ 
jugation of the natiies by force of arms 
or by peaceful means, the settlement 
of comiuered lands and the establish¬ 
ment of governmental and economic 
forms on the one hand and the establish¬ 
ment of the Church and the effort to 
win the Indians to (Christianity and the 
Chundi on the other, ever\ where pro¬ 
ceeded simultaneously 

It should be emphasized, furthermore, 
that the Crown considered its claims to 
dominion over the New World to be 
juridically above question, as the lands 
and peoples of the Americas had been 
given into the power of the sovereigns of 
Castile by the I^pe In ac(*ord with this 
theory i1 was not only the right of the 
Castilian monartdis to bring the New 
World under then control, but their obli¬ 
gation, and in so doing they n^gaided 



THE RESTORED CASTILLO, CHIOIIEN 1TZ4, VIEWED FROM THE NORTH 
The temple, eight meters m height, i;vns built ou the great pyramid, sixtj meters square at the 
base and tyvonty four meters high Oreat structures of this kind erected the Maya served us 
places of worship, as government buildings and ns dwellings for the rulers, priests and nobles 
The restoration of the C(uhUUo was earned out by the Mexican Oovernment 




232 


THE SCIENTIFIC MONTHLY 



NORTHWESTERN FACADE, TEMPLE OK THE WARRIORS, (nilCHEN ITZA 
Showing tlio intricate stone work and skilled carving of the Mnva buildings Tho stones, set 
into mortar and rubble, form a veneer At the corners and on the vnuIIs are elaboiate masks and 
shields, and in the doorvvav are serpent columns, symbolic of Kukulean, tlie Feathered Serpent 


themselves as bound to eonforiu with th(‘ 
principles of divine and natural law and 
justice, thus to maintain just title The 
natives of tho Indies w^eie alicady their 
vassals, and were oblig:atod to acknowl¬ 
edge their dominion, and in establishing 
effective control they were making actual 
a condition which alreadv existed in 
theorv Natives who did not immediately 
accept then dominion were conse(|ueiitly 
“m rebellion” against their rightful 
lords 

The broader policies of the Clown with 
respect to the coiupiest and colonization 
of the Indies are indicated in the capi- 
tulacwny or patent, by which Charles V, 
on December 8, 1526, assigned to Fran¬ 
cisco de Montejo authorit> to n^diice and 
settle the ‘‘Islands of Yucatan and Cozu¬ 
mel,’’ with the titles and offices of Adc- 
lantado, Governor and Captain General, 
the first hereditary and the latter two for 
life These offices conferred upon Mon¬ 
tejo superior political, judicial and mili¬ 


tary authority within the lands concerned 
as a representatne of the sovereign 
Montejo was to coiuiiier and colonize Yu¬ 
catan at his ow^n cost, and was to receive 
in hereditarv grant tour per cent of the 
revenues oiiginating within the pio\nice 
fiom w^hatever sour(*e An area ten 
leagues scpiare wuthin the province was 
assigned to the Adehintado to be held in 
perpetuity At least two towns, each of 
a minimum of one hundied (utizens, w^ere 
to be founded, and two fortresses were to 
be constructed To foster colonization the 
settlers w^ere to be assigned lands, and 
they w^ere gianted tempoiaiy ieductions 
of and exemptions from certain taxes and 
duties Portions of stipulated royal rev¬ 
enues were to be assigned to the construc¬ 
tion of public woiks and hospitals and for 
the maintenance of clergy and churches 
until the Church was formally established 
in the province License to enslave na¬ 
tives who refused to accept Castilian 
dominion and Christianity after being 
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PATIO, THR MKKCADO, CTTTOIIRN ITZA 

The Miveado is one of the stiuetureH whnh form the soiitlnvestein side of tlie (trou]) of tho 

Thounaiid (Vilmnns 


duly ^‘loquned^’ was jifnen No ])eis()ns 
ox(*liided l)\ lay, such as heielics and 
coiiYcttcd Jeys {conk)(rsos) and Moois 
ycic to be taken to the Indies 
General oidinances ])ioinul^ated by the 
sovereign on November 17, 1526, to regu¬ 
late captains and officials in the conduct 
of conquest and colonization and to pio- 
tect the Indians and ad^ance their wel¬ 
fare and Chiistianization weie wiittcn 
into the capitulacwn These oidinances 
proMded that the natives slioiild be 
treated as frei* vassals of the Ciown, 
that the legal requirimicnto, or “re¬ 
quirement,^’ that they accept Castilian 
dominion and Christianity should be 
duly notified to them through inter¬ 
preters and that M^ar should be made 
only in self-defence and against natives 
who rejected the “requirement” and 
offered resistance, that only such natives 
as offered resistance could legally be en- 
slavedy that the natives should not against 
their will be forced to labor for private 


juMsons and that those who \oluntanly 
agieed to woik should be dul\ paid, that 
the piopeitN ol the Indians be ies})ected 
ami that trade be conducted justly, and 
that the natives should be indoctrinated 
111 the Faith, jirotected, treated well and 
laised to a higher level of culture Each 
expedition ol dis(o\eiy, conquest and 
tiade yas to imlude tyo qualified mem- 
beis ol the seculai or regulai cleigy 
These clergv were charged with the task 
of convei ting and protecting the Indians, 
and war, enslavmnent and the partition of 
natives in repat ttmif nto and their assign¬ 
ment III encAttmenda yeie to be carried 
out only with their counsel and consent 
They were to report the entire course of 
conquest and cohanzation to the Council 
of the Indies and were to make known to 
that body all infractions of law and mis- 
tieatment of and injustices to the natives, 
that proper action might be taken They 
were also to provide a good example to 
both colonists and Indians IMie Audi- 
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TIIK TKMl'LK OP TUB WARRIORS, CHTCHEN ITOA 
Thu* temple was eroeted during the period of Mexican infliionee, and is an excollent example of 
the late architecture of that era The colonnade in front of the pyramid is pro]*‘Cted a consider 
able distance to the right, and this extcmsion and the uilonnade at the side ot the ])vramid form 
the northwestern and northeastern sides of the great court knoAvn as the Group of the Thousand 
Columns Other structures extend along the other two sides The excavation and reconstruction 
were carried out by the (^arnegie Institution of Washington 


encm of Santo Donunj^o also was to repoit 
to the Connell of the Indies all eases of 
injustieo toward the natives, with recom¬ 
mendation of imnishmorit Captains and 
officials who acted contrary to the more 
important provisions of the ordinances 
were to be depri\ed ot office and property 


In this document the sovereiji^u pro¬ 
claimed Ins motives m the following 
words 

it 18 Our piincipal intent and desire to draw 
the said Indians to tnie knowledge of God Our 
Lord ami of His Holy Faitli through its preath 
mg and tliiough the example of properly on 
doued (clergy] in rondeiing them good 



THE CASA BE MONJAS, CHICKEN ITZA 

The Cam de Mon fas, one of the most massive of the buildmgs of Chichen Itzti, is an example of 
construction at various le\el8 Usually Maya structures were placed upon truncated pyramids 
This structure was erected in the pre Mexican period, and consequently is Maya architecturally 
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'workH and according them good treatment , 
without offering them violence, oppression, harm, 
or ill in an} manner, either in person or prop¬ 
erty 

To prepare for what follows, it is per¬ 
haps necessary to suiniuarize the course 
of the conquest of Yucatan The con- 
quast, which was begun in 1527 and was 
concluded by 1545, can be divided into 
three phases The fii*st is that from the 
autumn of 1527 to 1529, during which the 


altered his plans, and securing appoint¬ 
ment as alcalde mayor of Tabasco, he 
established that province as a rear base 
for the conquest of Yucatan, recalling his 
forces from the east coast With these de¬ 
velopments the second phase of the con¬ 
quest began, a phase whicli lasted from 
1529 to 1534 or 1535 Completing the 
pacification of Tabasi'o, Montejo passed 
to Campeche, wliere he founded a town 
whi(*h was to seive as a center for the re- 



THE CAHACOU CIIICllEN ITZi 

The Caracolf one of tlie most outHtanding exiiniplcR of eircular construction in the New World, 
was built in stages, and includes both Ma>an and Mexican elements The circular aspects of tho 
structure arc* Mexican, and may have been frc*cted shorth after tho Mexican invasion The 
structure was restored by the ('arnc*gie Institution of Washington 


Adelantado, having organized a rela¬ 
tively large and well-cquipiied expedi¬ 
tion at Seville, established himself on 
the east coast and sought to reduce and 
colonize the peninsula from that (luarter 
Losses through disease and warfare and 
the realization that a comparatively 
large force would be reipiired caused 
him to proceed to New Spam to secure 
further men and organize a new expedi¬ 
tion While 111 New Spam, Moiitejo 


duction of the peninsula proper This 
phase ended m complete failure as a re¬ 
sult of a combination of factors, the most 
important of which were the stubborn 
resistance of the Maya of the eastern, 
cential and southern provinces and dis¬ 
satisfaction among the soldier-colonists 
Mitli the la(*k of gold, silver and other 
wealth Discontent was brought to a cli¬ 
max by news of the conquest of Peru and 
its incredible riches, which, at a time when 
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the colony had at leujrth been firmly 
grounded from the military point of view, 
caused large numbers of men to desert the 
province in the desire to reach more 
promising fields With a steadily de¬ 
creasing number of soldier-colonists, and 
faced by large numbers of hostile, or po¬ 
tentially hostile Indians, the Adelantado, 
despite his efforts to make it possible to 



THE BALL COURT, CTTTCHKN ITZA 
Ball courts arc found throuKliout Middle Amor- 
icn, that of Chichcn It/ft being perhaps the 
largest and most impressive In these courts 
pol-ta poh was plaved, a game in which the 
players sought to (ause a lubber ball to pass 
through stone rings high on the two parallel walls 
of the court, midwa\ between the ends The 
players struck the bull, which was sometimes as 
much as a foot in duimeler, with their hips and 
knees, but were not permitted to employ their 
hands and feet 

remain, was forced to abandon the region 
Yueatan could have been permanently 
settled at this time had the men who com¬ 
posed the forces of the Addantado been 
of a truly colonizing type 
Upon abandoning Yucatan tlie Adelan- 


tado passed to Mexico, placing his natural 
son Francisco in the goveniment of Ta¬ 
basco Appointed governor of Honduras- 
Higueras by the Crown and assuming this 
office in 1537, he was until 1544 engaged 
in the pacification and administration 
of that province, of which he is the 
true conqueror, and in the government 
of Chiapas, and be did not return to 
Yucatan until the close of 1546 The 
final phase of the conquest of Yueatan, 
extending from about 1540 to 1545, was 
carried to a successful conclusion under 
authority of the Adelantado by Pran- 
cis(*() de Montejo the Younger, Francisco 
de Montejo, the nephew of the former, 
and Caspar and Melchor Pacheeo The 
resistance of those of the Maya who 
refused to accept Castilian dominion 
WHS overeome after several vears of 
hard fighting, and San Francisco de 
Campeche, Merida, the capital cit\, 
Valladolid and Salamanca de Bacalai 
were founded in rapid succession A final 
desperate effort of the Mh.\ a of the east¬ 
ern, central and southern provinces to 
drive the unaders from their lands late 
in 1546 was crushed, and henceforth the 
Castilians, now in considerable numbers 
and of a truly colonizing tvqip, wcie se¬ 
cure in possession of the peninsula 

The Adelantado, who came of a fam¬ 
ily of the lesser Castilian nobilitv and 
who had served in Darien and Cuba, had 
been a i*aptain under Juan de Grijalva 
and undei Cortes in the earliest stages of 
the conquest of Mexico, and had repre¬ 
sented the latter and Ne^^ Spam at the 
court, was a man of wide vision, compre¬ 
hension and moderation, a loyal servant 
of the Crown and an able administrator 
He sought throughout to achieve the 
aims and policies of the Crown with 
regard to conquest and eolonization, 
with which he was in full accord From 
the first, complying with royal ordi¬ 
nances and laws and the provisions of 
his patent, he directed his efforts toward 
permanent colonization and the political 
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and economic development of the re¬ 
gions over which he was given authority, 
and he sought to protect the natives 
and further their well-being and Chris¬ 
tianization At the same time, he was 
ambitious and desired power, position 
and wealth, as did all tlie great cap¬ 
tains who brought the Indies under 
the dominion of the sovereigns of Castile. 
Montejo the Younger and Montejo the 
Nephew were of the same basic character 
as the Adelantado, shared his aims and 
objectives and, as principal lieutenants, 
applied his policies They were, more¬ 
over, capable soldiers and, like the 
Adelantado, able in administration The 
characters of the Adelantado, his son 
and his nephew, it scarcely need be 
pointed out, exercisoil an important 
influence on the course of conquest and 
colonization 

The policies placed in effect bv Montejo 
throughout hia (*areer are perhaps most 
readily delineated through summarizing 
the instructions for the conquest of Yu¬ 
catan gnen by him to his son in 1540 on 
the eve of the final pacification and settle¬ 
ment of the peninsula In these instiuc- 
tions the Adelantado provided as follows 

(1) That Montejo the Younger assuie 
that the colonists live as true Christians 

(2) That upon arriving at the town of 
San Pedro, the advance base which had 
been established at Champotdn, he should 
determine whether harm had beini offered 
to the natives of the latter place, and that 
he should restore all property which 
might have been taken from tliem and 
free all who might have been illegallv 
enslaved 

(3) That, because of the aid and sup¬ 
port which they had given the Spaniards, 
the natives of Champoton should be 
exempt from all labor 

(4) That he should pass to Campeche, 
taking with him principal persons, or 
pnncipales, of Champoton, where he 
should call together the lords of the area 
and inform them ‘^how you go to people 


that land in name of His Majesty and to 
instruct them in the matters of our Holy 
Faith and that those who do not wish to 



TALAKMUL, STELA 52 
For many centuiios tlio Ma;)ii erected stelae in 
thmr cities to letord exact dates, those at 
Quingua and Copan being exceptionally large 
On these stclao were carved gljphs and, fre 
queiitly, life size and highly ornate human 
figures, perhaps of contemporary rulers or 
pnosts The date recorded on the stela pictured 
here is 9 15 0 0 0 4 Vietu 13 Ya.v, or August 22, 
731 (ad ), according to the Goodman Thompson 
correlation of Maya chronology with the Chris¬ 
tian calendar The Maja early developed mathe 
matics to a high degree, and independently 
evolved the eoneeption of zero and place numera¬ 
tion, having 20 digits They were able to make 
extremely accurate astronomical calculations 
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PRRaKNT-DAY MAYA HOUSE AT VALLADOLID 
Ituofs aro invariably formed of a framework of poles tovered with thatch The floors are of mud 


conie to knowlodj^e of God and obedience 
ot His Majesty and those who do are to be 
well favoied and protected and held in 
justice 

(5) That, accompanied by prmcApales 
of Campeche and two of Champoton, he 
should enter the province of Acaniil, 
taking great care that his forces otfer no 
harm or ill-ti eatment to the Indians of 
that province, since they had always been 
at peace with the Spaniards and had 
desired that they settle among them 

(6) That m the pioMnce of Acanul he 
summon a ceitain lord, Chan Kan, a 
friend of the Christians who had aided 
them in time of war, who was to be well 
received, thanked for the good will which 
he had displayed, and kept with the 
Spanish forces as an ally 

(.7) That he convoke the lords of the 
province of Acanul and inform them that 
they might have peace or war as they 
themselves determined and that if they 


came in peace they would be well treated 
and favored Jf the native lords did not 
answer the summons, the formal requeri- 
mmito was to be published, as provided 
by the Ciown, and should this be rejected 
war was to be made on them In case war 
became necessary, it was to be conducted 
with as little harm as possible to both 
Spaniards and natives and in entire con¬ 
formance with royal ordinances 

(8) That a city, which was to be the 
pnncipal one of Yucatan, be founded at 
the town of T-ho if it appeared that the 
district was favorable for settlement 
Efforts w^re to be made to win to peace 
the natives of the area in which the city 
was to be founded, but war was to be made 
on those who did not accept Castilian 
dominion 

(9) That upon the pacification of the 
provinces which were to constitute the 
district of the city, these were to be di¬ 
vided in reparUmxenio, according to prac- 
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tice, and that this repartimiento was to be 
made among not less than one hundred 
citizens, for, since the ai*ea was large and 
heavily peopled, a large number of vc- 
cxnos was necessary for the subjection of 
the Indians and the maintenance of 
control 

(10) That the repartumcnto be based 
on a general visitation of Ihe conquered 
provinces and that after the number of 
towns and population liad been ascei- 
tained encormendas were to be assigned to 
the conqmstadores in the name of the 
Crown in accord with the quality and 
services of those concerned 

(11) That, after the founding of the 
city, Montejo the Younger strive to have 
all the colonists develop agricultuie and 
industry, he himself giving the example, 


and that roads be opened to Campeche, to 
the north coast and to principal towns 

(12) That the Indians be well treated, 
brought to knowledge of the Faith and 
under the dominion of the Crown, and 
drawn from their eriors and evil prac¬ 
tices 

All these things v\ere to be done plac¬ 
ing God Our Lord before, and in service 
of Ills Majestj, for the welfare of the 
land, and in the fulfillment of justice '' 

The great compiests in the Indies were 
made at no diicid cost to the Clown 
Thev were achieved by the gi eater con- 
quistadores upon their own initiative and 
at their own <‘xpense under specific 
authorization from the sovereign, granted 
in patents oi, as in the cas(*s of Cortes in 
Mexico and Alvarado, as a lieutenant of 



PRESENT-DAY MAYA HOUSE AT CHAN KOM 
The walls of the houRcs may bo of frames formed of poles tied together with \ines or other 
materials, sometimes covered with thatch or plastered with mud to render them more sub¬ 
stantial, the mud usually being whitewashed with lime Or they may be a combination of low 
walls of stone and poles which extend to the roof In pre Columbian times the common people 
lived In t>he same types of houses as those illustrated, as is indicated by Maya codices, mural 
decorations and elements of construction found in certain of the great buildmgs 



240 


THE SCIENTIFIC MONTHLY 


the former, in Guatemala, in the name 
of the Crown, and with post facto recoj?- 
nition Thos(‘ delejfated authority to 
conquer and colonize designated areas 
financed and organized the expeditions 
for such purposes and in compensation 
were assigned revenues, privileges, lands 
and offices in the regions concerned In 
their efforts the great conqmsladores in¬ 
curred heavy expenses The expedition 
of 1527 organized by Montejo (*ost some 
28,000 castcUanos, secured by sale of in¬ 
herited property, loans and funds sup¬ 
plied by his wife, and the Tabasco expedi¬ 
tion of 1529 led to the expenditure of 
12,000 Castellanos more Montejo^s later 
efforts m Ilonduias-IIigueias and Yuca¬ 
tan caused further and continued ex¬ 
penses, which were met only in pait 
through leveiiues from the encomiendas, 
mines and laud lioldings which he ac¬ 
quired in Mexico, Tabasi^o, Honduras- 
Iligueras, Chiapas and Yucatan The 
Adelaniado also came to an agreenient 
with Juan de Leiina, a relatnely wealthy 
merchant of Mexico, who, from about 
1529 to about 1540, gave him material 
financial assistance At the time of his 
death he was still some 30,000 Castel¬ 
lanos in debt, despite his estates and 
holdings lie never received the four per 
cent of the revenues of Yucatan as pro¬ 
vided 111 his patent, and, indeed, it was not 
until he was close to the end of his career 
that the province was in a stabilized 
condition in which fixed revenues were 
forthcoming Even then the encomi- 
endas he held were removed from liim 
under the New Laws of 1542-1543 The 
salaries and monetary grants received 
from the Crown in connection with 
offices held were always inadequate 
Montejo the Younger and Montejo the 
Nephew in like manner financed the 
major efforts of conquest and coloniza¬ 
tion which they conducted as lieutenants 
of the Adelaniado and likewise incurred 
indebtedness 

Those who took service under the 
greater conquistadores also bore their own 


expenses with respect to arms, horses, 
equipment and sustenance Certain of 
the more important, as subordinate cap¬ 
tains, raised companies and groups which 
they themselves equipped The conquest 
of the southern provinces of Yucatan, 
Uaymil and Chetemal, by the Pachecos 
under authority of the Adelaniado is an 
impoitant example of such practice In¬ 
dividual conquistadores also frequently 
brought with them squires and servants 
Arms, supplies, horses and equipment, 
it should be pointed out, were nor¬ 
ma] ly extremelj" costly in the Indies 
The soldier-colonists consequently, as well 
as the great captains, incurred heavy 
expenses and mdditodness 

Both tlic gi cater and the lesser con- 
quhstadores looked to the conqueied lands 
and their peoples to afford compensation 
for the expenses which they imuirred and 
the hardships and dangers which they 
underwent and to give recompense for 
the trials and uncertainties of colo¬ 
nization, and the Ciown in granting or 
tacitly authorizing such reward achieved 
its purposes at no direct cost to the loyal 
coffers 

The great conquistador is desired to 
achieve for themselves a position of maxi¬ 
mum authority and influence and to ob¬ 
tain vested inteiesls which should be 
based on the powers and privileges 
granted by the Ciovvn and on their own 
achievements The sovereigns, despite 
having in patents granted extensive 
authority and privileges to these indi¬ 
viduals for the achievement of conquest 
and initial colonization, were determined 
to establish royal absolutism m its fullest 
sense in the New World Consequently, 
to guard against the appearan(*e of power¬ 
ful vassals who might piove difficult to 
control and react detrimentally to their 
authority, after conquest and initial colo¬ 
nization had been carried out, they 
limited, restricted and revoked the powers 
and privileges which had been given and 
created a system of government which, 
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MAYA MEN AND WOMEN 

PhvsH’alh tho Ma>a art* shoit, thick sot and muscular, \Mth rclativoly long arms and short legs 
Th(*v ary proiiounoodly brachj cophahc The skin vanes m color from light to dark brown The 
upper paw tends to bo piognathous and the chin relrcuting E\c slits are horizontal or some 
what slanted, and the tvpnal nos<» is prominent, high bridged and quite curved in outline The 
eies are black and the hair is black, straight and coarse As a lace the Ma}a are ehaiactenzod 
b\ pride, dignitv and resene They are an extraordinarily cleanly people Tn the picture women 
aie wealing the white cotton hutpilj which has been their dress from pre Hpaiiish times 


based on Oastihan forms, depended 
directly and absolutely upon themselves 
Columbus and Cortes had been shorn of 
real authority in aeeord with this policy, 
being permitted to retain only empty 
honors, and the Adelantado Montejo 
was dealt with in similar fashion 

Montejo eaily conceived the project of 
uniting under his authority as Adelan¬ 
tado the entire area from the western 
limits of Tabasco and Chiapas to and 
mcludiiig Honduras-IIigueras, y ith a cor¬ 
ridor extending to the South Sea at the 
Bahia di* Fonseca This area was to con¬ 
stitute the Adelantamicnio of Yucatan, 
the limits of which had been entirely 
imdeternuned in the capttulacton of 1526 
The career of Montejo in many respects 


centers about his attempts to achieve this 
great aim Alt hough it appeared possible 
of attainment at the outset, it was an 
obje(*tiv(» which ran diiectly counter to 
loyal policy with respect to government, 
and he inevitably failed 

III 1529, when on the point of passing 
fiom New Spain to Tabasco, the Adelan¬ 
tado fiist declared his broad territorial 
claims to the Ciown, and in 1533, when 
permanent i*olouization of Yucatan ap¬ 
peared assured, he petitioned the sov¬ 
ereign that the are.i from the western 
limits ot Tabasco and Chiapas to the Rio 
de Ulna be declared to constitute the 
Adelantamiento, maintaining that it was 
a geographic, ethnic and lingiiistic unit. 
The sovereign did not grant the petition 
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TUB CAHA DE MOtfTEJO, MERIDA 
Tbo construction was begun by the Adelantado 
shortly after the completion of the conquest 


of 1533 as such, but nevertheless in that 
year named Montejo roval governor of 
the region from the western limits of 
Tabasco to the Rio de Ulua, and later 
appointed him governor and captain gen- 



WOMAN GKINDING MATZK 
The great staple of all the aborigines of the 
New World This method of grinding maize, 
employing tho stone meiate and stone roller, 
has been used by the natives for many centuries 


eral of Honduras-Higueras and united 
that province and Yucatan into an ad¬ 
ministrative unit under his authority. 
It IS to be noteil, however, that tlie posi¬ 
tion of Montejo as Adelantado applied 
only with respect to Yucatan proper, 
although pending final determination he 
was doubtless encouraged to believe that 
the lands beyond Yucatan, which had 
already come to connote only the penin¬ 
sula, would later be declared by the 
Crown to be territory of the Adelanta- 
munto Moreover, it is to be borne in 
mind that when he assumed the governor¬ 
ship of Honduras-Higueras in 1537, 
Montejo had temporarily abandoned Yu¬ 
catan and it was not until that year that 
Montejo the Younger took the first steps 
toward the reconquesi Pedio de Alva¬ 
rado, (lovernor and Captain fteueral of 
Guatemala, who possessed claims on the 
governorship of Honduras-Higueras and 
who at the moment enjoyed gieat royal 
fa\or, in 1539 forced Monlejo to relin¬ 
quish to him the governorship of Hon¬ 
duras-Higueras in return for that of 
Chiapas This transfer was approved by 
the Crown Upon the death of Alvarado, 
the cabildos of Honduias-Higueras in 
1542 recalled Montejo as governor, and, 
after a confused jurisdi(*tional contro¬ 
versy involving the Audiencia^ of Santo 
Domingo and Mexico, which had named 
governors to administer the province, his 
authoritj^ was confirmed in 1543 as a re¬ 
sult of support given him by the former 
body Meanwhile, Montejo the Younger, 
who since the abandonment of the penin¬ 
sula had governed Tabasco as the lieu¬ 
tenant of his father, and Montejo the 
Nephew had carried forward, under the 
authority of the Adelantado, the final con¬ 
quest and colonization of Yucatan The 
position of Montejo from 1542 to 1544 
was consequently extremely involved lie 
was, under separate appointments, at 
one and the same time, Adelantado, 
Governor and Captain General of Yu¬ 
catan, Governor of the area between the 
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western limits of Tabasco and the Rio 
de Ulua, and Governor and Captain 
General of Honduras-Higueras and of 
Chiapas, and thus, as the result of a mast 
intricate chain of circumstances, governed 
virtually the entire area which he had 
striven to erect into the Adelantamiento 
of Yucatan lie remained, notwithstand¬ 
ing, Adelantado of Yucatan, that is, of 
the territory of the peninsula, alone, and 
the Crown had not extended the terri¬ 
tories of the Adelantamiento 


September 13, 1543, the Crown removed 
Monte JO from all authority over Hon¬ 
duras-Higueras and Chiapas, and in May 
of 1544, upon the actual establishment 
of the Andteneui, of which his son-in- 
law, Alonso Maldonado, had been ap¬ 
pointed president, he relinquished oflBce 
Authority over the area between the 
western limits of Tabasco and the Rio de 
Ulua was then taken from him, although 
he was permitted to go\ ern Tabasco some 
time longer Moreover, under the aegis 



CHURCH OF SAN FRANCISCO AT MANX 

Illustrating ecclesiastical architecture in an important Indian town It was in the square m 
front of this church that Bishop Diegode Lancia held his famous auto da fo in 1502, when 27 
hieroglyphic manuscripts are said to have been burned 


III the interim the establishment of 
royal absolute government, in accord with 
Crown policy, had progressed throughout 
the Indies The Audiencui of los Con¬ 
fines, later knowm as that of Guatemala, 
was created by one of the provisions 
of the New Laws to govern Guatemala, 
Honduras-Higueras, Chiapas, San Sal¬ 
vador and the other provinces of Central 
America, and Yucatan, hitherto within 
the district of the Auduncm of Mexico, 
was placed under its superior author¬ 
ity in judicial matters By cedulas of 


of Bartolomc de las Casas, the Dominican 
Order had secured authoritv fiom the 
Crown to ieduce bv peaceful means the 
region of Tezulutian, which was within 
territorj which had been placed undei the 
government of Montejo All Spaniards 
other than triars were excluded from 
the legion, which ctime to be known as 
Veia Paz The district concerned, conse- 
(pienlly, had been removed from the juris¬ 
diction of the Adelantado In 1547 
Montejo sought to conquer and settle the 
general area of the Gulfo Dulce and des- 
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patched a large expedition which founded 
the town of Nueva Sevilla The Domini¬ 
cans immediately protested that the lands 
assigned to them were being invaded and 
their work destroyed, and they were sup¬ 
ported by the Audtencta of los Confines, 
which, now under the presidency of 
Alonso L6pez de Cerrato, an enemy of 
the Adelantado, also added protests of 
its own The Crown ordered the evacua¬ 
tion of the area by Montejo, who had no 
alternative than to comply 
Upon the replacement of Maldonado in 
the presidency of the Audmicia of los 
Confines by Cerrato, the Adelantado 
was, under authorization of the Crown, 
removed from the governorship of Ta¬ 
basco, despite his objections and initial 
refusal to recognize the authority of 
the Audtencta to take such action At 
length, in 1549, as the result of charges 
concerning misgovernment, defiance of 
royal authority and other matters pre¬ 
sented from many sources, among which 
was the Audtencta of los Confines, the 
Crown caused Montejo to be removed 
from office in Yucatan His son and 


his nephew were at the same time 
stripped of authority. Montejo pro¬ 
tested each successive removal from 
authority step by step, basing his claims 
on his capttulacum and royal appoint¬ 
ments, but to no avail. In a final attempt 
to regain his lost position he proceeded to 
Castile in 1551 to plead his cause directly 
before the Crown There he died in 1553, 
at the ago of about eighty After the re¬ 
moval of Montejo from ofiSce, Yucatan 
passed directly under the administration 
of the normal agencies of royal govern¬ 
ment 

The Montejos, it should be noted, while 
in authority maintained firm control of 
the government of Yucatan in all its 
aspects, even to the extent of controlling 
the municipal councils, or c^bddos, and 
they closely determined all the activities 
of the province This close control 
aroused opposition on the part of a 
certain group of the colonists, who de¬ 
sired that the cabtldos exercise a con¬ 
siderable measure of independence in 
local affairs in accord with Castilian 
tradition 


(To he concluded) 





HUMAN PSYCHOLOGY AND SOME THINGS 
THAT FISHES DO 


By Professor F. B. SUMNER 

8CBIPP8 INSTITUTION OF OCEANOGRAPHY 


Let me, in my opening sentence, dis¬ 
claim any pretence to be more than a 
dilettant in the field of psychology. 
However, I do at least claim to be a 
dilettant in this field, and as such I feel 
warranted in drawing some psychological 
analogies in discussing certain problems 
of fish physiology. Analogies may, of 
course, be illuminating or confusing, de¬ 
pending upon the phenomena under com¬ 
parison. So far as the analogies may 
serve to emphasize points of resemblance 
which are really fundamental, they may 
be valuable clues to further discovery 
Despite the scorn for ‘‘introspection’’ 
on the part of some of those who call 
themselves “behaviorists,” it would be 
difficult to investigate the phenomena of 
sense-perception in man without refer¬ 
ence to what the subject says that he 
perceives He tells us, for example, what 
color an object seems to him to have, 
whether this object appears to be larger 
than that, this light brighter than that 
or this sound louder than that The sub¬ 
ject’s reports to us doubtless constitute a 
part of his “behavior” in the presence 
of these stimuli, but his reports would 
not be very illuminating to us if they 
were not expressed in terms of inner ex¬ 
perience of a kind which duplicates inner 
experience of our own 
Unfortunately, we are unable to put 
questions, or at least verbal ones, to our 
fishes, with any reasonable expectation of 
receiving replies. But the animals are 
none the less able to inform us, to a cer¬ 
tain extent, regarding their sense impres¬ 
sions. Needless to say, a fish’s replies to 
our questions are given in physiological 
or behavioristic terms, with no mention 
of the creature’s inner life. It is common 


sense, rather than scientific experiment, 
which leads us to believe that the fish is 
not a mere unconscious mechanism 

Some cases have interested me of late 
m which the quantitative relations be¬ 
tween sensory stimuli and the physiologi¬ 
cal responses of fishes seem to be closely 
similar to those known to hold between 
these same stimuli and our own percep¬ 
tions of them And the correspondence 
in these cases is sufficiently striking to 
suggest that it depends upon essential 
similarities in the reactions of living mat¬ 
ter in general. 

Analogies of this sort may be of equal 
interest to the experimental psychologist 
and physiologist The psychologist is 
vitally interested in the physiological 
concomitants of mental processes, and the 
physiologist doubtless profits at times by 
considering how physiological processes 
look from the inside. However, let us 
leave these easy banalities and consider 
some concrete cases 

The first of these cases is one which I 
have already discussed more than once 
in the past ^ In fact, my interest in this 
particular problem dates from the year 
1910 I regret that the coherency of my 
present discussion requires that I shall 
commence with some facts which are al¬ 
ready familiar to most of you. Several 
groups of animals, and notably the fishes, 
display the capacity to adapt their 
shades, colors and even their skin pat¬ 
terns to the surfaces on which they hap¬ 
pen to be resting. So important have 
these phenomena of color change become 
in the field of experimental biology that 

1 Jour, Exp Zoolf 10. 409-505,1911, Physiol 
Zool , 2 496-504 (with A B. Keys), 1929; Biol 
Bull, 65: 266-282, 1933. 
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their special bibliography must by this 
time exceed a thousand titles. Our re¬ 
cent symposium on this subject illustrates 
my point * 

We now have ample reason for believ¬ 
ing that these color changes serve, among 
other things perhaps, the needs of con¬ 
cealment In order that they may attain 
this end, it is obvious that the shade 
assumed by the animal must be constant, 
or nearly so, upon any given background, 
regardless of the intensity of the general 
illumination This because both the ani¬ 
mal and its background are equally 
affected by any change in the source of 
light. That such is the case, at least 
among the fishes, has been shown by 
abundant evidence Under ordinary con¬ 
ditions, it IS the shade of the background 
which influences the shade assumed by 
the fish. Within broad limits, the inten¬ 
sity of the incident light is found to play 
a very minor part in the matter Thus 
the state of the fish’s chromatophores is 
not determined by the absolute amount 
of light which reaches the animal’s eyes, 
either directly from the source of illumi¬ 
nation or by reflection from the back¬ 
ground and surrounding objects 

Evidence from several sources makes 
it plain that the chief determining factor 
involved here is the ratio between the 
reflected and the incident light This 
proposition is less simple, perhaps, than 
at first appears, for we can not credit the 
fish with any capacity to distinguish re¬ 
flected from incident light, and to apply 
the proper correction for the intensity 
of the latter. On the other hand, the fish 
may be assumed to recognize differences 
of position within the visual field, and 
particularly the difference between up 
and down The animal’s response to the 
ratio reflected: direct illumination may 
therefore be supposed to resolve itself 
into a response to the ratio lower: upper 
half of the field of vision Bearing in 
mind the inversion of the light rays 

2 Am Soc. ZooL, Bichmond, December 29, 
1938. 


Within the eye, we have to do with the 
ratio of illumination between the upper 
and lower halves of the retina That 
such a polarization of the retina, or pos¬ 
sibly of corresponding areas within the 
brain, may actually exist is rendered 
probable by some experimental evidence ® 

Several investigators, including the 
writer, have more or less successfully 
attempted to screen off one half of the 
field of vision by means of appliances 
covering the eye. Certain others have 
reported success in rotating the eyeball 
on its main axis through an angle of 
180® The upshot of these experiments 
seems to be that illumination of the upper 
and lower halves of the retina tends to 
call forth opposite responses on the part 
of the cht’omatophore system of the fish 
Increasing the illumination of the upper 
half, relative to the lower, results in the 
paling of the fish; increasing the illumi¬ 
nation of the lower half, relative to the 
upper, results m the animal’s darkening 
Evidence has recently been published, 
pointing to the existence of an actual 
morphological differentiation of these 
regions of the retina which may possibly 
be related to the physiological differen¬ 
tiation 

However, it seems doubtful, even for 
the fish, whether this problem of the cor¬ 
rect perception of shades is fully ex¬ 
plained by the simple assumption of a 
functional dorso-ventrality of the retina 
That such an assumption would be alto¬ 
gether unwarranted in the case of man 
IS quite certain. For it must be remem¬ 
bered that we encounter this same prob¬ 
lem in relation to our own visual percep¬ 
tions, albeit we humans, or at least those 
of the male sex, are unable to respond 
with appropriate changes in our pig¬ 
mentation 

As Professor Woodworth has recently 
expressed the case: 

8Sumner, Btol Bull, 65: 266-282, 1933, 
yliter, C B de V Assoctatton des Anatomtstes, 
Marseille, March, 1937, pp 1-14, Butcher, Jour 
Exp Zool, 79 275-297, 1938. 
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It 18 a fact of common observation that coal 
looks black even in sunlight and that chalk looks 
white even m shadow Tet the light reaching 
the eye from well-lighted coal is very much 
stronger than that from shaded chalk The 
retinal imago of the coal is much brighter than 
that of the chalk, under the conditions, and the 
stimulus received from the cool is much more 
intense One’s impression conforms to the ob¬ 
ject rather than to the stimulus, and ho is ape 
to see no problem here, for if coal is really black 
why should it not be seen as black in a good 
light f Not a bad answer, perhaps, but one in¬ 
volving some tacit assumptions that the psy¬ 
chologist would like to m^e explicit^ 

Thus we have the much-discussed, if 
poorly named, problem of “color con¬ 
stancy” or, as it has been more techni¬ 
cally termed, “phenomenal regression 
toward the real object ” 

To continue from Woodworth • 

A certain mixture of white lead and lamp 
black reflects 25 per cent, of the light, its albedo 
measure is 25 per cent It reflects more light, 
absolutely, when it receives more, but it always 
reflects 25 per cent of what it received If it 
is moved from a weaker to a stronger illumina¬ 
tion, or the reverse, the observer still sees it as 
the same gray (approximately), thus in effect 
perceiving its reflecting power or albedo We 
have been perceiving albedo all our lives with 
out knowing it 

It IS true that this correction for illu¬ 
mination IS not always perfect Under 
experimental conditions, the estimate of 
albedo is frequently more or less of a 
compromise between stimulus and objec¬ 
tive perception 

That our correction for illumination 
is an act of conscious judgment is as little 
true for man as for the fish The entire 
process takes place on the perceptual 
plane We are influenced by various 
clues to general illumination, the nature 
of which has been studied in considerable 
detail by a number of investigators It 
IS impossible to discuss these clues here, 
except to say that they are provided by 
a variety of relations which may obtain 
among the contents of the visual field 

4 **Experimental Psychology,” Henry Holt 
and Company, New York, 1938 


No simple geometrical distinctions be¬ 
tween upper and lower can be invoked. 

If, by any device, the observer is de¬ 
ceived respecting the brightness of the 
light by which a given object is illumi¬ 
nated, his estimate of its albedo may be 
enormously m error Black may look 
white, and white may look black These 
illusions may be promptly dispelled by 
the introduction of suitable clues into the 
visual field, but they return immediately 
upon the withdrawal of the clues, despite 
the subject ^s full awareness of the decep¬ 
tion. 

Experiments in our laboratory and 
elsewhere have shown that fishes may be 
similarly deceived In certain of these 
experiments,® the fiish (one of the flounder 
group) rested upon a strip of clear glass, 
raised above an underlying gray surface, 
the latter being illuminated by a source 
of light invisible to the fish, and thus 
made to appear lighter than would have 
been possible if illuminated only by the 
source of light overhead In these cases, 
the fish acted as if the substratum had 
been white, and assumed its maximum 
degree of pallor. When conditions were 
reversed, the fish darkened more than its 
background would have warranted, had 
the latter been normally illuminated 

There is another aspect of these color- 
change phenomena which finds a highly 
instructive parallel in the field of experi¬ 
mental psychology Several years ago, we 
endeavored to determine what quantita¬ 
tive relations might exist between the 
visual stimuli to which our fishes had 
been subjected and the resulting effects 
upon pigmentation It is now well 
known that prolonged subjection of fishes 
and amphibia to appropriate back¬ 
grounds may bring about very consider¬ 
able changes in thi actual amount of 
pigment possessed by these animals, in 
addition to the rapid rearrangement of 
pigment already present, such as results 

5 Sumner and Keys, Physiol Zool , 2 495-504, 
1929 Conflrmed in some essentials by Pearson, 
Ecology, 11 703-712, 1930. 
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from briefer exposure to the same 
stimuli. 

In the experiments under considera¬ 
tion, we have employed two methods of 
evaluating the effects of the stimuli in 
question upon pigment formation. The 
first of these was an attempt, thus far 
only partially successful, to assay the 
amount of the black pigment, melanin, 
present in a given lot of experimental 
fishes ® The second and more dependable 
method has consisted in counting the 
number of melanophores or melanin-con- 
taining cells present in a given area of 
the skin. In the course of these experi¬ 
ments, fishes of three different species 
have been subjected, on the one hand, to 
backgrounds of widely different albedo, 
the source of illumination being constant, 
on the other hand, to widely different 
sources of illumination with a constant 
albedo 

In the first type of experiment, the 
fishes were kept in glass aquaria, which 
had been painted black, white and two 
(later three) shades of gray, the specific 
refiectivity or albedo of each of these 
backgrounds being determined with ap¬ 
proximate accuracy. In experiments of 
both types, the intensity of illumination 
from overhead was measured. 

To state briefly the results of these ex¬ 
periments, we may say that the albedo of 
the background was found to be the fac¬ 
tor of chief importance m determining 
the production or loss of melanin. (I 
speak of loss because the decrease of pig¬ 
ment upon a pale background is quite as 
conspicuous a fact as is its increase upon 
a dark background) 

The intensity of the incident light ap¬ 
pears to be influential to a minor degree, 
at least in some cases. The extent of this 
latter influence will be the subject-matter 
of further experiments to be commenced 
in the near future From the human 
analogy, we might expect to find such an 
influence, since the estimation of albedo 
Sumner and Doudoroff, Proo Nat Acad 
Soi, 23: 211-219, 1937; 24 459-463, 1938. 


is not entirely unaffected by the intensity 
of the illumination. 

When the yield of melanin was plotted 
against the albedo of the background, it 
was at once evident that there was a con¬ 
sistent negative correlation between the 
two, the greatest yield being derived from 
the black-adapted fishes, the least from 
the white-adapted ones. It was equally 
evident that this was not a simple linear 
correlation, such that equal increments of 
albedo called forth equal decrements of 
pigment formation The resulting curves 
looked suspiciously logarithmic, and this 
suspicion was borne out, for one series at 
least, when the data were plotted on 
logarithmic paper 

My most recent data, based upon the 
counting of melanophores, seem to con¬ 
firm these earlier results very nicely. I 
think that we are justified, therefore, in 
concluding provisionally that melanin 
production (or loss) varies inversely as 
the logarithm of the albedo of the back¬ 
ground This conclusion is subject, of 
course, to the customary reservations. for 
the species under consideration, and 
within the limits of the stimuli here 
employed 

Now I am not one of those who believe 
that one^s scientific respectability de¬ 
mands that he shall express all his results 
in terms of logarithms In most cases, 
curves based upon natural numbers mean 
much more to me But we all meet with 
occasions when the logarithmic arrange¬ 
ment of one’s data is highly illuminating, 
and I believe that the present case is one 
of them. 

Let us return to the field of experi¬ 
mental psychology As a result of ex¬ 
tended studies, E H Weber announced, 
about a hundred years ago, a generaliza¬ 
tion which has become famous in the 
realm of sense-physiology. The generali¬ 
zation was a simple one, and may be 
stated as follows: If, to a given stimulus 
8, we must add the value d, in order that 
the difference shall be just perceived by 
the subject, we must add not d but 10 d, 
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if we start with a stimulus ten times as 
great. In other words, the increments of 
stimulus must be proportional to the orig¬ 
inal stimulus, rather than equal to one 
another, m order to bring about equal 
increments of sensation. In still other 
words, the increments of stimulus must 
be increased in geometrical progression, 
in order that the increments of sensation 
shall increase m arithmetical progression 
Pechner expressed the matter in a simple 
equation* Sensation = C log Stimulus 
The Weber-Pechner law has, of course, 
been attacked on various grounds, logical 
and factual On the former side, it is 
easy to see that just perceptible incre¬ 
ments of sensation are not necessarily 
equal increments, on the latter, it is now 
well known that the ‘Uaw’* holds only 
for stimuli of medium intensity, but 
breaks down at both extremes. However, 
for present purposes we are not inter¬ 
ested in such questions as the absolute 
magnitudes of sensations, while the gen¬ 
eralization does hold fairly well through¬ 
out a wide range of intensities 
Thus far, then, we seem to have en¬ 
countered two interesting points of agree¬ 
ment between our own sensory physiology 
and that of the fish In the first place, 
we are both able to recognize the albedo 
of surrounding objects, regardless of 
their absolute illumination,^ in the sec¬ 
ond place, the relation between sensation 
and stimulus seems to be, for both of us, 
a logarithmic one I am quite aware that 
examples of the Weber-Pechner rule have 
been previously reported from the field 
of sub-human physiology, though none, 
so far as I know, in the realm of pigment 
formation. Endeavors have been made 
to interpret these relations on the basis 
of assumed physiological processes, but I 
believe that no proposed hypothesis has 
met with general acceptance. 

Let us put some further questions to 
7 See also Burkamp (Zetts der Psychol und 
Physiol, der Stnnesorgane, 55 Bd, 1923, S. 133- 
170), whose experiments furnish evidence of a 
quite different sort for the perception of albedo 
by fishes. 


our fish, this time questions which have 
nothing to do with its sense of vision. If 
we raise the temperature of the fish’s 
bath by ten degrees C, its consumption 
of oxygen will increase about three-fold; 
if we lower the temperature, a corre¬ 
sponding decrease will occur.® These 
facts, it IS true, do not parallel what takes 
place when we subject ourselves to such 
temperature changes Quito the reverse 
In general, warming our environment 
lowers our metabolic rate, while cooling 
raises it This, of course, is not due to 
any radical difference m the effects of 
temperature upon the protoplasm of cold¬ 
blooded and warm-blooded animals. It 
merely results from the possession by the 
latter of a heat-regulating mechanism 
which compensates for changes in the 
environment. 

The parallel which I wish to draw is 
of another sort When the fish is placed 
in warm water, its respiratory metabo¬ 
lism rises rather promptly to a maximum, 
and then gradually falls, though it never 
falls to a level as low as existed before 
the transfer I must hasten to add that 
the term “never” applies here only to 
laboratory experiments, lasting a few 
months at most The metabolic rate of 
fishes living m naturally warm waters— 
in warm springs for example—is a sub¬ 
ject which could be investigated very 
profitably But whether it is complete or 
only partial, this physiological adapta¬ 
tion to higher temperatures is a process 
which can be readily observed and 
measured ® 

Now let the human experimenter 
plunge his own hand into water consider¬ 
ably warmer than his skin temperature 
at that moment He experiences a sen¬ 
sation which we are accustomed to call 
the sensation of \N<irmth, and this, at the 
outset, may be very pronounced But let 
him leave his hand in this warm water 
for a short time, and the intensity of the 

• Wellfl, Physiol. Zool, 8* 196-227, 1935 

9 Sumner and Doudoroff, Biol. Bull, 74 403- 
429, 1938 
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sensation diminishes rather rapidly. He, 
too, undergoes an adaptive change, such 
that the “physiological zero“ or neutral 
point of sensation may be shifted by 
many degrees, and this within a few 
minutes’ time 

Thus, the phenomena of temperature 
adaptation, in these two cases, present a 
very similar picture, although in one case 
we have to do with changes in oxygen 
consumption, in the other with sensory 
experience We have, in each case, an 
abrupt rise in magnitude, followed by a 
more gradual fall However, we are able 
to point out more striking similarities 
between these two sets of phenomena 

There is one type of experiment which 
we have performed many times upon 
fishes, and with consistently uniform 
results.^® This is to transfer two lots of 
specimens which have sojourned some 
days or weeks at high and low tempera¬ 
tures, respectively, to a common interme¬ 
diate temperature, and to determine their 
relative rates of metabolism after varying 
intervals There is at first a complete 
reversal of the former relations, the fishes 
from the warmer water now having a 
much lower metabolic rate than those 
from the colder. After the lapse of a few 
days, however, these differences are 
obliterated 

Compare these findings with a classical 
experiment of Weber’s, which most of us 
have doubtless performed Let us im¬ 
merse our two hands in warm and cold 
water, respectively, then, after a minute 
or two, plunge them both into water of 
intermediate temperature The latter 
will feel at the same time cold to the one 
hand, and warm to the other, a reversal 
exactly comparable to that experienced 
by the fishes. Within a fraction of a min¬ 
ute, these differences will have vanished 

The relative rate of these adaptations 
m man and in the fish might seem to 
throw them into quite different cate¬ 
gories Those in man are to be measured 

10 Wells, Bxol Bull, 69 361-367, 1935, 

Sumner and Wells, ibid, 368-378; Sumner and 
Doudoroff, BM. Bull, 74. 403-429, 1938 


in minutes or even seconds, and seem to 
be primarily phenomena of the nervous 
system Those in the fish, on the con¬ 
trary, cover days or weeks They are 
very questionably to be ascribed to the 
nervous system, despite the far slower 
tempo of nervous processes m a cold¬ 
blooded animal Nevertheless, both are 
excellent examples of physiological tem¬ 
perature adaptation, and it hardly seems 
likely that the analogy between them is 
entirely superficial The various phe¬ 
nomena of contrast and negative after¬ 
effects are familiar both in physiology 
and psychology, and the physiological 
mechanisms which underlie them are not 

altogether unknown 

• ••••• 

Thus far, however, we have been travel¬ 
ing in waters which have been sufficiently 
charted to give us at least a comfortable 
sense of security We could see enough 
beacons and lighthouses in various direc¬ 
tions to keep us from being stranded on 
the shoals or dashed to pieces on the 
rocks We might never have reached the 
promised land, but at least we were never 
in danger of shipwreck 

I am going to ask you now to sail with 
me upon a cruise of reckless adventure, 
with nothing but dead-reckoning to guide 
our course Your captain is painfully 
inexperienced and possibly even subject 
to hallucinations Also, the mate tells me 
that the rudder has been lost We shall 
embark from the harbor of solid fact, and 
end, perhaps, in the fog of phantasy. 
Are you ready t 

Let us commence with one of the more 
spectacular performances of fishes I re¬ 
fer to the spawning migrations of the 
salmon.^ The story has often been told, 
and you are all doubtless more or 
less familiar with it Perhaps the oft- 
repeated assertions of certain critics may 
have led you to believe that the essential 

Since a comprehensiye review of the litera¬ 
ture of this held has recently been prepared for 
The Quarterly Bevxew of Biology by Mr. Bradley 
Scheer, I have not thought it worth while to cite 
references here 
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features of this narrative are still m 
doubt. While I altogether lack personal 
experience in this field, I think that a 
careful reading of the evidence will con¬ 
vince most biologists of the validity of the 
so-called “home-stream theory.“ 

The amount of sound observation 
and well-planned experimentation upon 
which this theory is based is very great; 
and while certain inevitable gaps exist 
in the continuity of the direct evidence, 
there appears to be considerable indirect 
evidence which serves to fill in these gaps. 
On the other hand, such limited negative 
evidence as has been published would 
seem to apply only to particular streams 
or particular local populations of salmon, 
and it certainly does not invalidate the 
far larger mass of positive evidence I 
shall speak chiefly of the Pacific salmon, 
since our best evidence has been derived 
from these 

Here, then, are some of the facts 
Young of several species of Pacific salmon 
have been marked in lots of many thou¬ 
sands at a time and liberated at various 
points in a number of the river systems 
of British Columbia and our own Pacific 
states Many of these individuals have 
been recovered upon their return from 
the ocean to spawn several years later 
With insignificant exceptions, such fishes 
have been taken m the river system m 
which they were planted, the exceptions 
relating to streams in the immediate 
vicinity Moreover, they were taken very 
preponderantly in the same tributary in 
which they were planted 

“The most striking instance of this 
return to the home-stream,’’ say Rich 
and Holmes,^* “is that to Spring Creek 
This stream is so extremely small that it 
is difficult to see how the salmon could 
find it at all, and yet 82 of the fish marked 
here were recaptured here as adults, 
while only 4 were taken in other spawn¬ 
ing tributaries ” 

However, this specificity, in relation to 
the particular tributary, is not always as 
Bulletin of the V S, Bureau of Fisheries, 
44: 216-264, 1929. 


precise as in the case cited. It seems to 
depend, in some measure, upon how long 
the young fish stays in the stream be¬ 
fore its migration to the sea One 
highly important fact must be stressed 
here Transplantation experiments with 
young bred in the hatchery have shown 
that it IS not necessarily the home-stream 
of the parents to which the spawning 
adult returns It returns to the stream 
in which it spent its own early life after 
hatching. 

The facts thus far stated would not be 
so difficult of explanation if it could be 
assumed that the marked fish, after its 
descent to the ocean, never ventured far 
from the mouth of its home stream, but 
remained within the latter’s zone of 
influence until the spawning instinct 
prompted it to seek fresh water again. 
Even then, we should be left with some 
tough problems to solve Unfortunately, 
no such assumption is warranted Many 
of the marked fishes have been trapped at 
distances of hundreds of miles from the 
river’s mouth 

Certain writers, apparently wishing to 
save their faith in the simplicity of bio¬ 
logical phenomena, have contended that 
all such specimens must necessarily be 
“strays,” which could never have made 
the home journey But such a claim is 
purely giatuitous Salmon which have 
been tagged in the ocean as adults, as far 
away as Queen Charlotte Island, more 
than 600 miles distant, are known to have 
entered the Columbia River to spawn 

Moreover, the proportion of these 
“strays,” in some experiments with the 
Atlantic salmon, is kiio\^Ti to have reached 
as high a figure as 30 per cent of those 
recovered, certainly an unexpectedly high 
proportion of biological wastage, if the 
contention of these critics be granted 
And again, one may ask, why should not 
these supposed stragglers, under the urge 
of the spawning instinct, seek fresh water 
and attain their end in the nearest 
available river? Apparently, this never 
happens. 

Further important indirect evidence 
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IS derived from a study of the scales and 
some other characters of the salmon, 
which indicate that the fishes of dijfferent 
rivers, even those belonging to the same 
species, exhibit recognizable racial dif¬ 
ferences. It is significant that mixed 
populations, comprising a number of 
these local races, have been found on 
oceanic feeding-grounds, far from these 
various home-streams It would cer¬ 
tainly be diflScult to account for the 
maintenance of such races, except on 
the supposition that they segregate 
themselves and travel independently to 
their respective streams at the time of 
spawning. 

In the present state of our evidence, 
I think that we can hardly escape the 
conclusion that the individual salmon 
commonly returns to spawn in the same 
river and tributary in which it passed its 
early life, and this even after the lapse of 
several years spent in the ocean, and after 
migration to points which may be hun¬ 
dreds of miles distant 

The diflfliculty of accepting this conclu¬ 
sion results, of course, from the difilculty 
of accounting for the phenomena con¬ 
cerned. And yet we have difficulties of a 
similar nature, and perhaps even greater 
ones, m the now well-known life histones 
of the American and European species of 
fresh-water eel Here, the mature fishes, 
after a life of many years in the fresh¬ 
water streams of America and Europe, 
return to spawn in the region of their 
nativity in the western Atlantic, in many 
cases after a journey of several thousand 
miles But that is not all. The young 
of these two species, with no paren¬ 
tal coaching, except what is conveyed 
through the genes, reach m time their 
own proper sides of the Atlantic and 
ascend the rivers. We will not say the 
same rivers in which their parents had 
lived That would seem to be too much 
to ask of them, though it would be an 
impossible thing to prove if they actually 
did it. 

The different life-histories of these two 
species depend in part upon differences 


in the length of the larval period, that of 
the European eel lasting about three 
years to the Americanos one. And the 
northeasterly migration of the European 
larvae is partly passive, being aided by 
the Atlantic drift Yet neither of these 
circumstances helps us very far toward 
an explanation. We must recall that the 
eggs of the two species are laid in con¬ 
tiguous or even overlapping areas of the 
ocean and that the young larvae mingle 
together freely at first throughout a con¬ 
siderable area. 

It IS true that attempts have been made 
to force a certain part of these facts into 
our previously accepted categories and to 
question the others Writers holding 
this point of view would account for the 
return migrations of the salmon as a suc¬ 
cession of thermotropic or chemotropic 
responses One prominent American bi¬ 
ologist, for example, has contended that 
at each fork of the road the fish selects 
the colder water, while a French writer 
seems equally convinced that it is the 
proportion of oxygen which each stream 
carries that is determinative m the choice. 
Such suppositions can hardly explain 
how a number of races may make differ¬ 
ent selections at the same crossroads. 

That the phenomena of salmon migra¬ 
tion do not fit into these or any other 
established physiological categories would 
seem evident from a brief examination of 
the data already known. On any theory, 
we must grant the existence of some sort 
of organic memories or “engrams,*’ re¬ 
corded in the nervous systems of the 
fishes, since the return journey is so 
largely dependent upon the individuals 
early history These memories must re¬ 
late, in some way, to the individual’s past 
experiences of the environment Accord¬ 
ing to our familiar modes of interpreta¬ 
tion, they must enable the animal to 
recognize very specific elements of this 
environment, to the extent that they are 
able to trace their early wanderings in 
reverse. But this would necessitate the 
supposition that the essential elements of 
the fish’s early environment, and the rela- 
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tions among these, remain essentially 
unchanged during the animal’s long ab¬ 
sence. This plainly can not be the case. 

Let us, for example, suppose that the 
fish ^‘remembers,” albeit unconsciously, 
the quality of the water of its home river 
and tributary creek, and is able to dis¬ 
tinguish this from a great variety of 
other waters through which the nostalgic 
creature passes on its return journey to 
spawn Such a supposition would not 
be incredible, perhaps, if we could as¬ 
sume that the sought-for water retained 
its old-time flavor But suppose, as actu¬ 
ally happens, that the young fish left the 
river in the fall, whereas it returned in 
the spring, when the water temperature 
was much lower. In such a case, too, the 
downward migration must have taken 
place during a period of low water, 
whereas, at the time of the return jour¬ 
ney, the spring freshets had perhaps 
quadrupled the river’s flow, stirred up 
much silt, aerated the water more thor¬ 
oughly and in general changed its chem¬ 
ical and physical properties Then, too, 
forest-fires on the watershed, and changes 
due to agriculture or to industrial de¬ 
velopment can not fail to modify the com¬ 
position of the water from one year to the 
next These resulting fluctuations in the 
character of the water of any single river 
may surely lead to greater difflerences at 
times than those which distinguish one 
river from another. 

How, then, can we resolve these di¬ 
rected wanderings of the salmon into a 
mere succession of thermotropic or chemo- 
tropic responses, when there is no con¬ 
stancy in the physical conditions of any 
part of the travel-route from month to 
month or year to yeart I don’t believe 
that this can be done. 

I have spoken of the thermal and chem¬ 
ical senses in this connection, since any 
other known special senses of the fish may 
be safely left out of consideration Many 
persons, particularly those without bio¬ 
logical training, are quick to appeal to 
some unknown “sixth sense’’ to help us 


out of such a situation As if most 
vertebrate animals, fishes included, did 
not have more than six senses already I 

The question in this case is not so much 
that of discovering some additional sen¬ 
sory mechanism in the fish as it is of find¬ 
ing, or even conceiving of, some hitherto 
unrecognized mode of physical energy 
competent to act as a directive stimulus. 
I think that we are justified in saying that 
we lack any satisfactory clue to such a 
directive stimulus at the present time 
The situation miglit seem to call for 
some method of geodetic orientation upon 
the earth’s surface rather than mere gui¬ 
dance by stimuli from successively en¬ 
countered features of the environment. 
But orientation in the earth’s magnetic 
field would surely be a wild guess, and 
guidance by means of the earth’s rota¬ 
tional forces would perhaps be an even 
wilder one And what would you think 
of me if I should attempt to endow the 
poor fish with some sort of an integrating 
mechanism, such as our mathematical 
friends employ in their calculations—one 
which would automatically register all 
the components in the animal’s meander- 
ings and come out with the right answer, 
in spite of everything? Aas, though the 
fish’s anatomy is pretty well known, there 
doesn’t seem to be room anywhere for an 
integrator 

Whatever unknown or unsuspected fac¬ 
tors may be operative, however, we may 
be certain that the animal’s recognized 
senses supplement these and play an im¬ 
portant part in the matter, throughout 
Above all, it should be insisted that this 
entire range of phenomena lends itself 
very well to experimental attack. Vari¬ 
ous hitherto untried experiments suggest 
themselves, which would go a long way 
towards clearing np some of the more 
bafSing points 

• #•••• 

I am next going to take you on what 
some of you may regard as a brief trip 
through the scientific underworld. Be¬ 
fore permitting yourselves to be shocked 
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or indignant, however, I beg of you not 
to form premature notions of my real 
meaning 

There is still a wide-spread belief, 
dating from man’s earliest past, that we 
have channels of knowledge independent 
of our recognized senses. This belief 
would seem to have all the earmarks of 
a primitive myth, and I am not prepared 
to say with full confidence that it is not 
precisely that However, it is a curious 
circumstance that evidence for phenom¬ 
ena of this type has been accumulating 
in our present scientific age, and indeed 
m the hands of some of the scientists 
themselves. Experimental methods have 
been applied, sometimes with every ap¬ 
pearance of honesty and intelligence, and 
results obtained which have seemed con¬ 
clusive enough to convince men of high 
standing in their own special fields of 
science Our great psychologist, William 
James, for example, unhesitatingly ex¬ 
pressed his belief that the ‘‘medium” (or 
her “control”) might be “acquainted 
with facts about the circumstances, and 
the living and dead relatives and ac¬ 
quaintances, of numberless sitters whom 
the medium never met before, and of 
whom she has never heard the names ” 

One may, of course, cite James as a 
striking instance of how a brilliant and 
learned man may allow himself to be woe¬ 
fully deluded, and this may, indeed, 
prove to be a just appraisal of his case 
However, I should insist that no one is 
entitled to offer such an opinion unless 
he has at least taken the trouble to ex¬ 
amine the evidence on which James based 
his beliefs 

As many of you may know, there is a 
rather steady output at the present time 
of alleged proofs of the reality of both 
telepathy and clairvoyance Such claims 
are not restricted to “swamis” and 
Gypsy princesses They are being made 
by men holding chairs in some of our 
more reputable universities, and they 
purport to be based upon rigidly experi¬ 
mental procedure. The claims of Pro¬ 


fessor Rhine, of Duke University, are 
probably the best known in recent years, 
but similar results have been announced 
from various other sources which would 
ordinarily be calculated to inspire con¬ 
fidence 

We are assured, for example, that a 
certain proportion of the subjects who 
have been tested in this connection are 
able to designate cards of a special set 
considerably more frequently than would 
result from mere chance guessing. In 
some of these tests the subject and the 
experimenter were in different rooms or 
m different buildings or were even miles 
apart 

Particularly bewildering to us would 
be admission of the claims of clairvoy¬ 
ance It is alleged that certain of these 
subjects possess the ability to penetrate 
the depths of a pack of the experimental 
cards and to discern, preponderantly at 
least, the order m which they chance to 
he No form of radiant energy would 
seem competent to reveal to a sentient 
being the differences of pattern in cards 
lying at successive levels in a pack, a 
fraction of a millimeter apart Think 
what a jumble an x-ray photograph 
would make of such superimposed pat¬ 
terns! 

On the whole, these experiments have 
every appearance of being conducted hon¬ 
estly, and with a serious endeavor to 
exclude the numerous opportunities for 
self-deception Statistically speaking, 
they would seem to have vastly higher 
evidential value than we ordinarily de¬ 
mand in an experimental research m 
biology 

Where, then, is the joker in all thist 
I confess that I do not know It would 
relieve our minds vastly, of course, if we 
could accept the most obvious explana¬ 
tion, that of fraud If it is fraud, it has 
been conducted on a rather large scale, 
and in some quite unexpected places In 

18 * ‘Extra Sensory Perception, *' Boston, 1934 ; 
also articles in Jour, Parapsyehol,, published by 
Duke University, Durham, N C. 
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some of the cases, it must have involved 
conspiracy on the part of a number of 
persons Self-deception is another fa- 
milar mode of explanation, and a far 
more charitable one, but it is not at all 
easy to reconcile this with the published 
accounts of the procedure These are 
more easily reconcilable with intentional 
deceit 

It is my guess that a large majority 
of those here present will be content to 
dismiss the subject with one of these alter¬ 
native explanations—fraud or self-decep¬ 
tion I wish that I could be satisfied with 
such a ready solution of the problem It 
is my impression that this type of solu¬ 
tion IS less acceptable in proportion to 
one’s familiarity with the evidence And 
in so saying I by no means restrict my¬ 
self to the evidence of the past few years 

Now I can feel—and this without any 
recourse to telepathy—that some of you 
are bewailing my folly in giving serious 
attention to such a thoroughly ‘‘screwy^' 
subject before an eminently respectable 
scientific gathering such as this How¬ 
ever, please remember that I came to you 
primarily as a student of fishes, and that 
it IS the time-honored privilege of one 
who talks about fishes to depart from con¬ 
ventional notions of credibility Now 
and then, too, the narrator of fish-stones 
it able to confound his listeners by show- 
in them that the incredible is true, as 
witness the homeward migrations of the 
larval eels, already referred to, or the 
story which I have just related of the 
return of the spawning salmon from the 
ocean to the old swimming hole, in that 
little creek, hundreds of miles upstream 
from the river’s mouth. But you don’t 
have to take the word of the fish man for 
the reality of these incredible perform¬ 
ances among animals The ornithologist 
has long told us impossible things about 
the migrations and homing instinct of 
birds, and in recent years he has been 
able to back up his assertions experi¬ 


mentally by the use of the banding 
method. 

Before concluding, I hope that I may 
be able to dispel any misunderstanding 
as to what I have been trying to tell you 
in this last section of my address I am 
not asserting that any experiments in the 
field of telepathy and clairvoyance yet 
stand on the same footing scientifically as 
those of the salmon-taggers or the bird- 
banders. Nor do I say, or even imply, 
that these fishes or birds are guided by 
any such faculty as that which (perhaps!) 
enables our clairvoyant friends to see 
through their packs of cards or to filch 
perceptions at long range from the in¬ 
terior of one another’s craniums 

My intention, in this last section of my 
address, is to insist upon the possibility 
that m both man and some other animals, 
impressions from the environment may 
not all be mediated through recognized 
organs of special sense which are sensi¬ 
tive to recognized modes of chemical or 
physical stimulation This does not mean 
that I wish to remove a large and impor¬ 
tant class of phenomena from the field 
of natural science There is abundant 
opportunity for rigidly exact investiga¬ 
tion here, both in the case of man and 
fish And 1 believe that it is our present 
duty to settle some of these highly con¬ 
troversial matters by experiment, instead 
of dogmatically denying them or com¬ 
placently Ignoring them 

You may think that these remarks of 
mine are merely the maundenngs of a 
senescent brain If so, my brain began 
to senesce many years ago However, it 
IS a popular belief that willingness to en¬ 
tertain strange and unwelcome ideas is 
a quality of youth rather than of old age 
and that the real altributes of senescence 
are bigotry and intolerance to new modes 
of thought And so I will rest my de¬ 
fense on the plea of extreme youth and 
throw myself on the mercy of the court. 
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The quality of interest being displayed particular about which the interpreta- 
at the present time in the various prob- tion of the available evidence has up until 
lems pertaining to early human history now been particularly difficult These 
differs in kmd and degree from that of are, briefly: (1) when, in geological his- 
any preceding age Although innumer- tory, did there appear on the scene those 
able generations have rendered lip service unique creatures whose sum-total of 
to the classic admonition ‘‘know thyself physical and mental attributes, so far as 
—carved by unknown hands above the we may surmise, entitles them to be con- 
entrance to Apollo’s temple in ancient sidered the earliest members of the human 
Delphi and proclaimed by Socrates to be family, (2) where on the earth, with due 
the beginning and the end of the pursuit consideration of the paleogeographic al- 
of knowledge—^yet it has remained for the terations in the various land masses in- 
present generation to bring to bear on this volved, did there exist the particular 
central problem of human interest a dis- combination of circumstances most likely 
cipline of factual thinking that is de- responsible for the ultimate diiferentia- 
stmed to remove the problem, for all time tion of these early hominid forms from 
let us hope, from the realm of mere the parent Primate stem In brief, to- 
philosophical and metaphysical specu- day, we are still asking, as thinking man 
lation. This fortunate circumstance, the has probably always done, about the 
significance of which it would be difficult when and where as well as the whence of 
to overemphasize, has not come about the coming of mankind The significance 
fortuitously. During a relatively brief of Sinanthropus pekinensis, the best 
period of years, not exceeding two or three documented of the early fossil hominids 
decades in certain fields of investigation thus far discovered, resides largely in the 
and hardly more than as many centuries fact that this primitive form contributes 
in others, man has acquired a keener significantly to the answers to these ques- 
sense of reality and a deeper respect for tions 

the forces inherent in nature than he has The comparative wealth of Sinan- 
ever had before His growing under- thropus fossil remains now available en- 
standmg and confidence in the essential ables human paleontologists to define its 
integrity of natural law, including even distmctive characters and to determine 
the laws underlying the mysterious that it represents without doubt the earl- 
phenomenon of life, are such that in spite lest hominid type yet discovered under 
of his fumbling efforts to interpret the circumstances conducive to a distinct 
evidence dealing with his own existence, advance in knowledge concerning many 
man nevertheless feels no longer impelled of the special questions involved. Its 
to divorce himself from the rest of nature contribution to the first of the questions 
and ask the intervention of a supemat- mentioned above, namely, that of the time 
ural order on his behalf element in early human evolution, resides 

Among the various questions relating to in the simple but significant fact that the 
early human history, there are two in remains m question were found firmly 
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embedded tn situ in the undisturbed 
geological formation of the time during 
which this creature lived The definite 
geological age of this formation is amen¬ 
able to determination in accordance with 
usual paleontological procedures The 
fortunate circumstances under which the 
Sinanthropus remains were discovered are 
in sharp contrast with the considerable 
uncertainties respecting the geological 
formations yielding the remains both of 
Pithecanthropus of Java and Eoan- 
thropus of England Both these latter 
finds were recovered from beds of redis¬ 
tributed gravels Therefore, in addition 
to certain controversial questions relating 
to these respective finds on morphological 
grounds, there will always remain a con¬ 
siderable degree of uncertainty regard¬ 
ing their actual geological age. 

With regard to the age of man as dis¬ 
closed by Sinanthropus^ on the basis of 
careful study of the stratigraphical and 
paleontological evidence the Choukoutien 
fossiliferous deposits containing the re¬ 
mains are assignable to the early stages 
of the Pleistocene period of geological 
time If we accept the latest geochron- 
ological estimates based on radio-activ¬ 
ity determinations, then we must assign 
to Sinanthropus an age approaching very 
nearly one million years 

This figure is of significance chiefly 
when compared with earlier estimates of 
the time of human origins, or when con¬ 
sidered in relation to either the age of the 
earth or the estimated span of total life 
history on the earth Compared to earlier 
estimates this newly determined age of 
man is much greater than hitherto as¬ 
sumed. Indeed, the figure is two or three 
times that given in many present-day 
treatises dealing with the subject of early 
man A million years, however, is none 
too long a time for the significant mor¬ 
phological changes that have taken place 
in the human organism since Sinan¬ 
thropus. There will perhaps always be a 
considerable range of variation in ex¬ 


pert opinion bearing on the point in ques¬ 
tion Estimates of the exact age of man 
will probably always vary as much as 
from a quarter to a half million years It 
must be noted, however, that each succes¬ 
sive geochronologieal determination in¬ 
creases rather than decreases the probable 
duration of the various divisions of the 
total life period and correspondingly that 
of man The significant fact is that when 
compared with either the total age of the 
earth or the span of life on the earth— 
ages estimated by the latest radio-activity 
methods of determination as approximat¬ 
ing 2,000,000,000 and 600,000,000 years 
respectively—then it must be realized 
that mankind, with barely one million 
years to his credit, is among the very 
youngest of the distinctive animal forms 
inhabiting the earth to-day And when 
contemplating the various problems be¬ 
setting the human family, it is well to 
appreciate the fact that this extreme 
youthfulness of man, which m many re¬ 
spects IS his most significant paleontolog¬ 
ical characteristic, must at the same time 
be counted his greatest asset 

Of slightly different order but of equal 
interest with that of age is the question 
of the geographical region and the 
relevant circumstances giving rise to the 
hominid divergence from the proto-human 
Primate stem Various localities, usually 
either in Asia or Africa, have at one time 
or another been suggested as the site of 
this significant evolutionary step. I shall 
in this place briefly outline the evidence 
which seems to point to-day to that region 
of Asia north of the Himalayas as the 
area in question The evidence consists 
of correlated data derived from three 
fields of inquiry, namely, zoological, 
geographical and paleontological The 
essence of these v-oi related findings are 
briefly as follows 

The largest land area on the earth’s 
surface, namely Asia, particularly the 
central area of this vast continent, has 
long been recognized as bearing a pecu¬ 
liarly significant relation to the geo- 
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graphical distribution of animal life 
This is true with respect to both living 
and extinct forms An examination of 
the distribution of land and water areas 
of the earth’s surface reveals the fact 
that all the great land masses of the earth 
are contiguously related to Asia in the 
northern hemisphere, in spite of oc¬ 
casional separations due to recurrent 
transgression of the oceans over certain 
shallow areas, whereas the radiating con¬ 
tinental extensions below the equator in 
the southern hemisphere are separated 
from one another by wide and deep 
oceans 

The sequence of events relating to the 
history and dispersal of the various mam¬ 
malian forms over these related land 
areas was set forth most clearly by W D 
Matthew m his historical treatise in 1915 
on “Climate and Evolution ” The evi¬ 
dence bearing specifically on the problem 
of the history and distribution of the 
Primates was later assembled and dis¬ 
cussed by Davidson Black in a valuable 
paper “Asia and the Dispersal of Pri¬ 
mates “ Both these publications are 
destined to become classic contributions 
in their respective fields They have es¬ 
tablished beyond reasonable doubt that 
climatic change must be considered a 
most significant determining factor in the 
evolution of land vertebrates and “the 
principal known cause of their present 
distribution ” The correlated evidence 
points clearly to the additional fact that 
“the principal lines of migration in later 
geological epochs have been radial from 
Holarctic centers of dispersal”; in many 
specific instances, it may be added, from 
the central Asian region of the Holarctic 
zoogeographical distribution zone. Black 
was aided greatly in his discussion of the 
distribution of the various evolving 
groups of the Primates throughout 
Cenozoic time by Grabau’s paleogeo- 
graphical maps of Asia covering this 
period 

The particular findings concerning the 


relevant events that appear to have been 
taking place at the critical period of 
Primate evolution, the period during 
which the proto-human stock became dif¬ 
ferentiated from the main Primate stem, 
may be summarized somewhat as follows; 
During the uniformly warm and moist 
Eocene and immediately succeeding per¬ 
iods up to middle tertiary times and 
before the elevation of the Himalayas, 
the Asian landscape appears to have pre¬ 
sented a relatively simple topography 
The climatic conditions over most of this 
area, at least as far north as the Siberian 
border of to-day, were such as to favor 
an extensive forest growth These facts 
are attested not only by the fossil records 
of the plant life in the Oligocene coal 
beds of Manchuria and other regions of 
North China but by the distribution of 
fossil remains of certain browsing ani¬ 
mals, among them the giant hornless 
rhinoceros Baluchtthenum. Fossil rec¬ 
ords indicate further that during the 
early periods of the Cenozoic this exten¬ 
sive area was also the site of a rapidly 
expanding phase of higher Primate evolu¬ 
tion 

In spite of the delayed paleontological 
exploration of certain portions of the 
area in question, particularly the Tibetan 
plateau and adjacent regions difficult of 
access at the present time, the accumulat¬ 
ing fossil records of this critical period 
in Primate evolution are consistently 
significant in their direct bearing on the 
problem of proto-human evolution The 
area of greatest concentration of fossil 
remains of the highly specialized Miocene 
anthropoids is located in the Sivalik reg¬ 
ion to the south of the present Himalayas 
The faunal and fioral conditions making 
up their natural habitat, as well as that 
of their immediate descendants, extended 
at that time uninterruptedly to the north. 
There is little room for doubt that the 
remains of these advancing Primate forms 
will in time likewise be found in the con¬ 
temporary deposits of the unexplored 



FACTORS IN EARLY HUMAN EMERGENCE 


259 


contiguous areas in that direction. The 
fact that Dryoptihecus has been found as 
far away as Europe, in the late Miocene 
strata, is evidence of the fact that these 
forms were able to migrate widely over 
their range of suitable environment 
Certain generalizations based on the 
correlation of these biologic and paleo- 
geographic factors become inevitable It 
IS generally conceded, for instance, that 
the most conspicuous morphological and 
related changes leading toward human 
evolution were those occasioned by man's 
pre-human ancestors leaving the forest 
and adventuring into the open These 
morphological changes, made necessary 
by gradual alterations in the type of 
habitat, were of the nature of progres¬ 
sive adaptations through the develop¬ 
ment of potential though dormant facul¬ 
ties. Perhaps the most significant of 
these dormant faculties, from the imme¬ 
diate functional standpoint, was that of 
a lower extremity capable of being 
specialized for unassisted support and 
progression Such specialization of the 
lower extremity made possible in turn the 
subsequent emancipation of the forelimb, 
and released the evolving potentialities of 
the human hand Important also among 
the attributes of greatest potential 
significance were eyes that had already 
moved around to the front of the head, 
thus permitting a more perfect stereo¬ 
scopic and otherwise discriminating visual 
examination of nature But of greatest 
significance of all these proto-human 
Primate attributes was a brain possessing 
a cerebral cortex capable of the elabora¬ 
tion of association areas under an increas¬ 
ing influx of new and discriminative sen¬ 
sory stimuli These and other associated 
morphological and physiological poten¬ 
tialities were among the faculties of the 
arboreal anthropoids making up the 
proto-human Primate stem 
There is no one better qualifled to 
formulate the paleogeographical and 
climate changes that brought these evolu¬ 


tionary factors into existence than Pro¬ 
fessor A. W Grabau, whose critical con¬ 
sideration and first-hand examination of 
the evidence relating to the points at 
issue have extended over nearly two dec¬ 
ades of intensive paleontological research 
in China Expressed in his own well- 
chosen words these formulations are as 
follows 

It 18 however a portmeiit question which can 
not be lightly put aside what would induce the 
primitive anthropoids to leave the forest and 
adventure into the open where the necessity of 
a radical change of habits would confront them? 
It 18 inconceivable that forest dwellers, finding 
all their needs of food and shelter supplied in 
their forest homes, could be induced voluntarily 
to leave it, nor could we assume that they were 
driven into the open, as long as forests re¬ 
mained anywhere for them to take shelter in. 
It 18 only the wholesale destruction of the for¬ 
ests, and the development of barriers which 
would prevent migration to forested countries 
elsewhere, that could force these primitive 
anthropoids to assume a new mode of existence, 
and compel those capable of adapting them¬ 
selves to the new conditions to enter the path of 
development that would ultimately lead to man 

The elevation, at the begmnmg of Miocene 
time, of the Himalayan Range across Southern 
Asia would have precisely the effect postulated 
above as necessary to mitiate the new line of 
development These mountains intercept the 
moisture bearing winds from the Indian Ocean 
Infrequent ramfalls and the drying up of 
lakes and streams, would lead to a depression 
of the water table, with the accompanying de¬ 
structive effect upon the vegetation With 
progressive increase in aridity, the destruction 
of most if not all the forest trees was brought 
about 

I submit that it is the isolation of the Tibetan 
region, by the elevation of the Himalayas and 
other mountain ranges, and the accompanymg 
increasing aridity which produced the environ¬ 
ment which alone could lead to the emergence 
of the human type And I further maintain, that 
unless it can be shown that Africa or any other 
region of the world experienced a parallel 
change m its geographic and climatic condi 
tions at the crucial * u ^e, these regions can not 
lay any claim to being the site of man's emer¬ 
gence comparable to that offered by Tibet and 
the adjoining districts of Asia 

But while the survivors north of the Himala¬ 
yan Range were forced into this new path of 
evolution by the radical change in environment, 
those on the south met with little change in the 
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conditions of existence Development proceeded 
entirely along the established lines of simian 
characteristics, and it can scarcely be doubted 
that the existing great anthropoids arose from 
ancestors that remained on the south of the 
Himalayan barrier or migrated to regions open 
on the east and west. 

Sinanthropus pekmensis, the most prim¬ 
itive hominid of which we have specific 
or detailed knowledge, therefore requires 
no forced explanations as regards either 
his morphological status, his geological 
horizon or his geographical location. The 
various factors associated with his dis¬ 
covery are consistent throughout with 
respect to either or all of these points 
And the intensive studies of the morpho¬ 
logical details of this unique form that are 
now being carried on by Professor Franz 
Weidenreich, able successor to the late 
Davidson Black, are destined to increase 
greatly our knowledge and appreciation 
of the significance of the skull, brain and 
dentitional stages of development found 
in this exceedingly primitive type of early 
man 

The gap that separates Sinanthropus 
from the nearest known anthropoid forms 
of lower status is distinctly greater than 
that separating him from the other fossil 
hominids of more advanced status. When 
it ultimately becomes possible to carry 
out extensive paleontological explorations 
m late Pliocene and early Pleistocene de¬ 
posits m regions further west, on the 
Tibetan plateau and m central Asia, the 
more immediate ancestors of Sinanr 
thropus may be looked for with a very 
reasonable assurance of their being found 
There seems little hope at the moment, 
however, that circumstances will prove 
favorable in the near future for such ex¬ 
plorations In the meantime the fossil 
remains of various migrants from this 
area, representing no doubt in certain 
instances the descendants of intermediate 
forms between the highly advanced Dryo- 
pithecus anthropoid forms on the one 
hand and Sinanthropus on the other, will 
be found in near or far regions of the 


earth There is some indication that the 
fossil form Australopithecus, found in 
Africa, may represent such a stage. Con¬ 
sidering the vastness of the time involved, 
there is nothing mconsistent m the dis¬ 
covery of this advanced proto-human 
form in Africa and the postulated Asiatic 
origin and area of dispersal as set forth 
above 

On the basis of the relevant paleogeo- 
graphical and paleontological data now 
available, therefore, the following tenta¬ 
tive chronological outline of probabilities 
seems to be justified with reference to cer¬ 
tain cardinal factors underlying late pro¬ 
to-human and the early human stages of 
evolution Professor Orabau ^s summaries 
of the periods involved will be used, and 
his term ^^Protanthropus^* retained as a 
designation of the earliest hominids 

(1) Oligocene period. *‘Asia mostly a 
continent of undulating wooded and well- 
watered lowlands and fertile plains, with¬ 
out high mountains, separated from 
Europe by marine straits. Primitive 
anthropoids like Dryopithecus inhabited 
the forests, and Baluchiterium roamed the 
plains.'' 

(2) Early Miocene (b o 20,000,000 or 
earlier); “The Himalayas and other 
mountains arose in Asia, the Alps, Car¬ 
pathians and others in Europe Increased 
rainfall over northern India, aridification 
of climate over Tibet and much of Central 
Asia The death, by drought, of the 
forest trees, forces the surviving anthro¬ 
poids into the open, while Baluchithermm 
becomes extinct Dryopithecus remains 
largely unaffected and unchanged in the 
region south of the Himalayas " 

(3) Later Miocene: ‘ ‘ Increasing aridity 
forces the surviving anthropoids in Tibet, 
etc, to adapt themselves to the new en¬ 
vironment or perish . . Protanthropus 
emerges . . South of the Himalayas, 
anthropoid development proceeds along 
Simian lines." 

(4) Early Pliocene: ^^Protanthropus 
migrates northward and reaches the well- 
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watered Tarim basin. ’' While supported 
as yet by no direct fossil evidence, this 
hypothetical generalization is nevertheless 
fully in accord with all relevant sub¬ 
sidiary evidence 

(5) Later Pliocene (b c 10 ,000,000- 
BC 1,000,000) **Proianthropiis starts 
his migration east and west, divergent 
modification characterizing the various 
branches The earliest flint industry 
probably begins during this period and 
develops unequally in various regions 

(6) Polycene (a period of transition 
designated by Grabau between the Plio¬ 
cene and Pleistocene in Asia) (bc 1,- 
000,000-BO 500,000), ‘‘Descendants of 
Protanthropus reach east China as Sinan¬ 
thropus A branch starting southward 
reaches Cathaysia where tropical condi¬ 
tions induce retardation in development, 
and Pithecanthropus emerges The west¬ 
ward migrating group splits, one divi¬ 
sion reaches west Europe as Eoanthropus 
—(possibly with a branch ending in 
Palaeanthropus) , another enters Africa 
and develops features characteristic of 
Homo but retains a primitive culture 

(7) Pleistocene (bc 500,000-bc 100,- 

000) ‘ ‘ Glaciation of Europe around 

the borders of the ice sheet Neanderthal 
man develops his culture Cold dust¬ 
laden winds, depositing enormously thick 
layers of loess, prevented Neanderthal 
migration to China where Sinanthropus 
may have continued or become extinct 

. The dismemberment of Cathaysia 
isolates Pithecanthropus who either be¬ 
comes extinct or under island environ¬ 
ment develops an independent Neander- 
thaloid type ’’ 

(8) Early Holocene (bc 100 ,000-f) 

“The waning of the ice sheets puts an 
end to the dust-bearing winds, or greatly 
diminishes them Neolithic man migrates 
to Europe from the still unknown center 
of his origin aiid also, it may be 

added, to eastern Asia, where he and his 
cultures became wide-spread 


(9) Later Holocene: “Civilization 
emerges “ 

In the preceding paragraphs we have 
attempted to fit together certain frag¬ 
mentary fossil records and the eorrelated 
paleogeographical evidence that are now 
available relevant to the very earliest 
stages of human emergence Prom the 
seventh (Pleistocene) stage in the fore¬ 
going chronological outline onward to the 
present, the footsteps of primitive man 
become more and more distinct, although 
wandering for long periods of time along 
trails that are still obscure 

Despite dire prophecies to the contrary 
there is no reason to doubt that human 
evolution still continues forward and up¬ 
ward Generation after generation of 
mankind persistently come and go Each 
contributes its mite of human experience 
to the accumulated progress achieved by 
the countless generations of the past 
Continued progress depends as ever on 
infinitely small increments, derived from 
individual successes in meeting the physi¬ 
cal, mental and social challenges of a 
changing world The human cerebral 
cortex strives fitfully and imperfectly to 
exercise a more reasoned control over re¬ 
flexes that are strongly conditioned by 
long periods of animal and savage ances¬ 
tries Impressed by his increasing mas¬ 
tery over certain of the physical elements 
in ins environment, man feels emboldened 
to aspire to a self-devised organization 
and management of human life on this 
planet Fortunately stronger than the 
deliberate purposes of reformers or dic¬ 
tators, however, are the human differ¬ 
ences they blindly seek to suppress For 
it IS by virtue of these differences—^re¬ 
sultants of concomit.int variables of race, 
climate, culture, or biological vitality— 
that nature, through the continuous 
processes of elimination and substitution, 
18 able to recruit in each age the van¬ 
guard of the forward march 
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Although canoor has long been known 
to oc(*ur in practically all species of verte¬ 
brates, there has been, little scientific in¬ 
terest in animal cancer until recent years 
From a purely economic standpoint, lit¬ 
tle or no importance is attached to the 
frequency of this disease in animals, but 
the subject is of consideiablc sigiiifi- 
eance in a study of the cause of cancer 
in man 

For the most part, malignant growths 
in man and in animals appear to be 
similar under the microscope and to fol- 
low about the same clinical course It 
would be reasonable, therefore, to as¬ 
sume that they arise from the same cause 
On this premise numerous investigations 
have been carried out in series of animals 
purposefully subjected to specific cancer- 
producing agents It has long been 
known that certain forms of cancer—as, 
for instance, cancer of the skin—can be 
produced in rats and mice bv repeated 
applications of coal tar Internal cancers 
can also be produced by the injection of 
hormones By careful hei’editar> selec¬ 
tion, cancer-susceptible strains of mice 
have been developed in which the occur¬ 
rence of the disease in various forms is 
very high Wliile these studies have 
served to demonstrate the potency of 
several now well-known causative factors, 
they have also further disclosed the com¬ 
plexity of the problem as to the essential 
nature of this disease 
Any discussion of cancer in animals 
must take into consideration two distinct 
groups of cases—first, those growths pro¬ 
duced experimentally in the laboratory 
and, second, those arising spontaneously 


Each group has its special significance, 
and no informative conclusions can be 
drawn from pooling statistics of the two 
The study of experimentally produced 
cancer has been invaluable m the discov¬ 
ery and investigation of special causa¬ 
tive factors For comparative purposes, 
however, cancer which occurs spontane¬ 
ously in animals should have a closer 
relationship to this disease in man and, 
therefore, should also merit serious con¬ 
sideration 

The general anatomic distribution of 
animal cancer has been discussed in nu¬ 
merous reports, but we have found in the 
literature no detailed analysis of this 
disease with regard to the mouth and 
throat The specific purpose of the pres¬ 
ent study was to determine as accurately 
as possible from available evidence the 
topographic distribution of spontaneous 
cancer of the mouth in animals as com¬ 
pared to man and, furthermore, to cor¬ 
relate any differences in distribution 
with known variations in the cancer- 
producing influences to which man and 
animals, respectively, are subject We 
have found in the literature 122 case re¬ 
ports of cancer occurring in the mouths, 
throats and nasopharynges of animals, 
and we have also collected 35 cases (not 
previously reported) by communicating 
with zoos, veterinary schools and vet- 
eririanans throughout the United States 
and Canada 

Topographic Incidence 

In almost half of the cases reported in 
the literature, the exact anatomic site 
of the growth is not clearly designated, 
262 
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cancer is reported vaguely as having oc¬ 
curred in the ‘‘mouth/’ the “pharynx,” 
or the “nose ” Such non-specific ana¬ 
tomic classification is, of course, unsatis¬ 
factory and probably indicates that the 
observer was either unfamiliar with the 
anatomy of these regions or uncertain as 
to the exact site of origin of the growth 
In human cancer, that which occurs in 
the tongue has a different significance 
from the standpoint of treatment and 
eventual outcome from that which oc¬ 
curs m other regions as, for instance, the 
tonsil, and therefore in a study of human 
cancer gn'at care must be taken in deter¬ 
mining the precise origin of a tumor 
In Table I are listed the relative per¬ 
centages of the anatomic forms of intra- 
oral cancer in man and in animals—the 
latter figures based upon our collected 


TABLK I 

Anaiomic DiSTRinuTTON OF Canckr of thh 
Oral Cavity* 


Human bdiigs Animals 
Per cent I*er cent 

Lip 

29 

15 

Tongue 

27 

18 

Buccal mucosa (chock) 

10 

5 

Jaws 

10 

39 

Palate 

9 

15 

Tonsil 

8 

5 

Floor of mouth 

7 

5 


• These percentages for animals were calculated 
from our collected cases 


senes It will be noted that in this group 
of animals, cancer of the jaws is the most 
frequent (39 per cent) and, so far as 
the mouth is concerned, appears to occur 
in animals with about four times the 
relative frequency as in man (10 per 
cent) Tongue cancer (27 per cent in 
the human being) makes up only 18 per 
cent of the intraoral tumors in animals 
However, since it ranks second in fre¬ 
quency in both grou])S, we see little merit 
in the emphasis which D’Arcy Power^ 
placed on the supposed rarity of cancer 
of the tongue in animals The relatively 
high frequency of lingual cancer in man 
can be rather definitely attributed to such 
iD^Arcy Power, Selected Writings, 1877- 
1930 ** Clarendon Press, Oxford, 1931 


exclusively human causative factors as 
syphilis and tobacco, and to chronic in¬ 
flammation of the tongue from other 
causes from which the animal is prac¬ 
tically exempt For instance, Icucoplakia 
(white patches) of the mouth, which may 
be briefly described as a thickening or 
callous formation of the lining of the 
mouth as a result of chronic irritation, 
and which is found to be a piecursor of 
cancer in man, has never (so far as we 
know) been reported to occur in animals 

It IS inteiesting to speculate as to the 
reasons for and the causes of the greater 
relative fiequcncy of cancer of the jaws 
in animals Dental defects similar to 
those of middle or old age in the liuman 
being are not common in animals and 
obviously play only a minor role It 
might be possible that the more natural 
dietary habits of animals tend to spare 
the teeth but to produce chronic injuries 
to the soft tissues around the jaws, while 
the reverse is true in man The high 
incidence of tumors ol the jaw in animals 
may also be due, in part, to the frequency 
of adamantinoma(3 of 12 jaw cases in our 
series) This tumor arises from the same 
tissues which develop into the tooth struc¬ 
ture in the embryo and not, so far as 
we know, as the result of any form of 
chronic irritation It is very rare in 
man 

Cancer of the tonsil and of the floor 
of the mouth, tw^o fairly common sites 
of origin ill the human being, occur in 
only slightly lower percentages in ani¬ 
mals 

Histology 

We WTre able to obtain histologic 
slides in 20 of our collected cases Dr 
Fred Stewart, pathologist at the Me- 
moiial Hospital, who examined these 
slides, states that the tumors are in no 
way distinguishable under the microscope 
from human cancer He diagnosed as 
squamous cell carcinoma four cases of 
tongue tumors, three in dogs and a 
fourth in a horse Adamantinoma oc- 
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curred in three of twelve cases of cancer 
of the jaw (2 dogs and 1 horse) Among 
the other slides in our collected group 
Stewart found adenocarcinoma (2 cases 
in the jaws of horses), epidermoid car¬ 
cinoma (2 cases in the jaws of dogs, one 
in the jaw of a horse), melanoma (2 cases 
in the jaws and 1 in the soft palate of 
dogs), squamous carcinoma (1 m the 
jaw, 1 in the soft palate, and 1 in the 
t<)nsil of dogs), epithelioma (1 case in the 
roof of the mouth of a dog), and myxosar¬ 
coma (1 case in the jaw of a dog) 

Age Incidence 

In animals, the age incidence of intra¬ 
oral cancer as well as of other anatomic 
forms of this disease follows the same 
general trend as in the human species 
Malignant tumors of any anatomic 
variety rarely occur in the young In 
our collected group of animals with can¬ 
cer of the mouth, all were adult and 
many were definitely classed as aged 
Some idea of the general age incidence 
of cancer in animals may be obtained 
by reference to the report of Cohrs * In 
autopsies on 592 dogs below ten years of 
age, he found ten cases of carinnoma, 
eight of sarcoma and one of multiple 
tumors—a cancer incidence of 3 per cent 
In autopsies on 145 dogs over ten years 
of age, he found ten cases of carcinoma, 
two of sarcoma and twenty-five of multi¬ 
ple tumors—^a cancer incidence of 25 per 
cent Cramer^ has pointed out that in 
certain sections there may at times ap¬ 
pear to be an epidemic outbreak of cancer 
m animals, which on closer analysis could 
be explained by the fact that an excep¬ 
tionally large proportion of aged beasts 
had come under observation 

Species Incidence 

It IS evident that the apparent or re¬ 
ported frequency of cancer in animals 
is influenced by many factors, for exam- 
ap Cohrs, Cancer Sevxew, 2 197, 1927 
« W. Cramer, Cancer Bevtew, 7 16, 1932 


pie, the relative numbers or the popula¬ 
tion of the different species and their 
life expectancy under varying wild and 
domestic conditions Perhaps more im¬ 
portant than either of these is the de¬ 
gree to which any given species is asso¬ 
ciated with man, since the discovery of 
cancer in animals requires a certain 
amount of attention which only domestic 
or captive animals receive 

It is to be expected, therefore, that the 
majority of reported eases would be 
found among those kinds which are most 
numerous or which, for either practical 
or sentimental reasons, are considered 
most valuable to man, namely, the dog, 
the horse, the cat and the cow From 
the standpoint of a fairly complete post¬ 
mortem examination, the reported in¬ 
cidence in slaughtered animals would 
probably be high except for the fact that 
most of them are killed before they reach 
the cancer age Trotter* reported that 
although he found 21 cases of cancer in 
an unstated number of slaughtered aged 
cows, there were no new growths in 5,300 
slaughtered sheep from 6 to 12 months of 
age 

Using the cat and dog as examples, 
Dobberstein'^ stated that among domestic 
animals the carnivorous are more sus¬ 
ceptible to cancer than the herbivorous 
However, the high incidence of intraoral 
cancer in the carnivorous cat and dog 
may be due mainly to the fact that they 
are permitted to live to advanced ages 
while the herbivorous cow and sheep are 
likely to be slaughtered for food before 
they reach the age at which cancer 
usually develops That old age is prob¬ 
ably a greater factor than a carnivorous 
diet IS suggested by the fact that the 
herbivorous horse, which continues to be 
useful as a beast of burden until old age, 
IS more frequently reported as having 
cancer than any other animal (Table II). 

M Trotter, Jour Comp Path and 
Therap,2^ 1,1911 

» J Dobberstem, Berliner txerarzthche Woch , 
No 7, p 100 
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TABLB II 

Spbcibs Incidbncb of Cancer in Animals 


Animal 

Upper respir¬ 
atory and 
alimentary 
tract* 

Oral cavity 
alone 

Horse 

85 

3.3 

Bog 

4.3 

3.3 

Cat 

8 

8 

Cow 

5 

3 

Trout 

3 

3 

Antelope 

2 

2 

Boar 

2 

1 

Sheep 

1 

1 

Pig 

1 

1 

Hen 

1 

1 

Wolf 

1 

1 

Coatl 

1 

0 

Caracal 

1 

0 

Genet 

1 

0 

Raccoon 

1 

0 

Civet cat 

1 

0 

Total 

157 

89 


* Mouth and nasal cavities 


In the mouth itself, about an equal 
percentage of cases occurs in the horse 
and m the dog The cat seems to be 
particularly susceptible to cancer of the 
tongue (6 out of 8 cases, or 75 per cent 
of the reported cases of mtraoral cancer 
in the cat), in contrast to only about 10 
per cent of lingual cancer iri dogs and 
4 per cent in horses The feline habit 
(more prominent than in other animals) 
of preening the fur by licking suggests 
itself as a possible explanation of this 
special susceptibility to tongue cancer 
In answer to our inquiry, Dr C E 
Schroeder, of the New York Zoological 
Society, states that there are many wild 
animals of the feline family who have 
the same habitual tendency m this re¬ 
gard, but it IS to be noted that no tongue 
cancers have been reported in any 
feline except the house cat 

The true incidence of cancer in wild 
animals is, of course, impossible to de¬ 
termine, but on rather scanty available 
evidence the reported frequency as com¬ 
pared to domestic animals is low and 
lends support to the theory that age 
plays an important role in the develop¬ 
ment It 18 obvious that household pets 
under normal conditions enjoy unusual 
longevity By comparison, the lives of 
wild animals are short. It is a well- 


known fact that they usually die violent 
deaths as soon as their physical powers 
decline, so that they can no longer de¬ 
fend themselves against their natural 
predatory enemies nor compete with the 
younger and more robust members of 
their own species in the struggle for sus¬ 
tenance Even without more definite 
proof, one would be justified in con¬ 
cluding that m general they do not live 
long enough to reach the cancer age 
Moreover, even if cancer did exist, there 
would rarely be an opportunity to de¬ 
termine and record its presence, whether 
death is due to natural or to violent 
causes It is only in zoos that animals 
of the wild species are observed closely 
enough for the accurate recording of 
the occurrence of cancer Even m these 
animals the incidence is probably in¬ 
creased by the change in environment 
and the extended life expectancy 

It IS interesting to speculate whether 
a seemingly high incidcncje of mtraoral 
cancer m domestic as compared to wild 
animals might indicate that new causa¬ 
tive factors have been introduced by an 
artificial or unnatural mode of life Cer¬ 
tainly such animals as cats and dogs un¬ 
der domestic conditions do not follow 
the same dietary habits as their related 
wild species, nor are they subjected to 
the same environmental influences in 
other res])ccts Such a theory has also 
been advanced by Brooks,® who was of 
the opinion that cancer was extremely 
rare in wild animals living m their native 
state and that abnormal living conditions 
undoubtedly increased the incidence of 
new growths in the common domestic 
animals This is interesting as a corol¬ 
lary to the view held by many investi¬ 
gators that cancer in man is a ‘‘disease 
of civilization 

Compared to the change m man’s en¬ 
vironment from his former primitive to 
his present civilized condition, the ani- 

» H Brooks, Proc Soc Exper Bxol and Med,, 
3 39, 1906 
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mal transition from the wild to the cap¬ 
tive or domestic state can hardly play a 
major role in the development of cancer 
No matter how domesticated an animal 
becomes, nor how much his new environ¬ 
ment differs from that of his wild life, he 
IS still almost entirely free from certain 
highly significant cancer-producing in¬ 
fluences to which man is subject For 
instance, from the standpoint of intra- 
oral cancer, the animal is not exposed 
to any extraneous irritant similar to 
tobacco or to alcohol Furthermore, even 
under the most artificial conditions the 
animal’s food is usually bland and 
neither hot nor otherwise irritating, since 
the average beast would instinctively re¬ 
fuse food which did not conform to its 
natural diet m these particulars More¬ 
over, the animal is not subject to any 
disease competent to produce precancer- 
ous changes in the tongue, like chronic 
syphilitic glossitis m man A disease 
called daurine, or horse syphilis, is re¬ 
ported to be common in Africa, but so 
far as we can learn there is no associated 
chronic infiammation which might be a 
precursor of tongue cancer 

In certain respects, the incidence of 
cancer in animals may closely resemble 
that in primitive races It has been fre¬ 
quently noted that in primitive peoples 
both the incidence of and the death rate 
from cancer is low Hoffman^ reports 
that among the Maoris of New Zealand 
the death rate from cancer is only 33 7 
as against 112 0 per 100,000 in the United 

F L Hoffman, Acta Cancrologica, 1 279, 

1935 


States (1937) Lee and others* have 
reported on the rare occurrence of cancer 
among American Indians Comparing 
these peoples to civilized races, this dis¬ 
crepancy might be due not only to a more 
primitive and therefore more natural en¬ 
vironment, but also to a known shorter 
life expectancy 

Conclusions 

The incidence of cancer of the mouth 
and tliroat in animals, although impos¬ 
sible of exact determination, is undoubt¬ 
edly low as compared to that in man 
Such a relatively low frequency may be 
due to a more natural mode of life and 
indicate that intraoral cancer in man 
IS mainly due to causative factors which 
have been introduced by civilization and 
to which animals are not subject It is 
only with advaiunng civilization and 
increasing intelligence that the environ¬ 
ment of any living thing departs very far 
from the wild or savage state Consid¬ 
ered in this light, no matter how modi¬ 
fied the animal’s mode of life becomes, it 
can never be changed to the same extent 
that modern civilization lias altered the 
environment of primitive man, from the 
standpoint of canc(*r development It is 
probable that an extension of the normal 
span of life is the one important con¬ 
tributing factor to an increased incidence 
of spontaneous cancer in domesticated 
animals, and that tins incidence would be 
higher if these animals were all per¬ 
mitted to live to an age comparable to 
the average life of man 

8 B J Lee, Surg , Gyneo and Ohat , 50 196, 
1930 



LOOKING FOR AN HONEST MAN 


By Professor A A LEWIS 
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Diogenes is back again with his lan¬ 
tern But this time the lantern looks 
too much like a laboratory to be regarded 
as a trick of burlesque employed to incite 
an insurrection against dishonesty The 
new Diogenes is acting on the assumption 
that humanity is, finally, in the mood for 
a G-Man diagnosis and he is, therefore, 
coming on the scene with a lantern that 
will actually pierce the surface of out¬ 
ward demeanor, however phansaical, 
and show a man up for what he is De¬ 
ceit IS to be revealed, as it were, in terms 
of candle-power notches 

It IS not a false assumption that man¬ 
kind has begun to worry about its be¬ 
havior and IS, accordingly, quite ready 
for this follow-up appearance of Dioge¬ 
nes We are to-day, from the least so¬ 
phisticated to the most, very ready to 
accept the implication that honesty can 
be so scarce and be so cleverly counter¬ 
feited that more than ordinary daylight 
IS required to discover it or penetrate a 
substitute pretension We have come 
to believe that a mission in search of an 
honest man is an important one, as im¬ 
portant even as a mission in search of an 
intelligent one Our intellectual vanity 
has been forced to concede that there are 
other personality traits besides intellect 
which make a difference, and among 
them IS moral caliber 

It has been a long time since Diogenes 
conducted his one-man parade along the 
streets of Athens in protest against the 
failure to stress the keystone significance 
of character in human behavior Taken 
to heart by contemporaries and succes¬ 
sors, the old non-conformist’s broad hint 
should have brought about consider¬ 
able reformation during the intervening 
stretch of centuries A geologic period 


in which to mend its ways, and yet hu¬ 
man conduct continues about as badly 
rent as ever. Little more has been done 
than to win a theoretical acceptance of 
the great value of moral integrity noble 
ideas, apparently, compensating for 
Ignoble living And leference to uncon¬ 
verted human action is not limited to 
professional offenders, the unsciupulous 
swindlers who give fine bargains in bogus 
stocks and the wily criminals, of a thou¬ 
sand specialties, who dupe their victims 
with unprecedented finesse The ordi¬ 
nary man, the Jaw-abidmg citizen 
thought to be well above board in his 
public and private actions, is not too 
good to resort to fraud on occasion He 
may not be a professional, but in a pinch 
he can play the game pretty well as an 
amateur Certainly that man is well 
above the honesty-average who does not 
consider it an advantage, frequently, to 
hide behind a screen of deceit and would 
not, if he had to step out and reveal the 
facts, feel like a nudist—a nudist with 
blemishes Among these offenders against 
honesty is the common gossip, whose 
name is legion, the rumor-monger who 
may go so far as to aid in a whispering 
campaign to defame, the radio huckster 
whose blatant exaggeration has only the 
sky as the limit, the money grabber who 
signs his famous name to an unqualified 
indorsement of cigarettes he has never 
smoked, and last but not least, the politi¬ 
cal chameleon whose principle changes 
color with every shift in vote-getting 
expediency 

It IS not to be assumed that in all the 
generations since Diogenes no attempt 
has been made to solve our moral prob¬ 
lems It IS true only that the solutions 
liave stopped with kings’ charters giving 
207 



268 


THE SCIENTIFIC MONTHLY 


claim to remote regions; have stopped 
with vague theory and cloistral specula¬ 
tion. So that the remark, “What per¬ 
sonality IS everybody knows but nobody 
will tell,“ is practically as true of charac¬ 
ter as it is of personabty Through all 
these long centuries the thing needed to 
make the theorizing about morals more 
than mere speculative pastime has been 
a survey of actual behavior. But it is 
just recently that students in this field 
have come to realize—certainly to show 
by their actions—that nothing short of 
a measuring scale for morality is going 
to bring ethical theory out of the clouds 
and answer such practical questions as 
How far is it possible to teach morals t 
Or, What schemes now existing or to be 
proposed for producing the “cardinal 
virtues” are to be preferred? And those 
questions about the effect of the environ¬ 
ment, or other concomitant factors, 
namely What effect, for example, does 
“company kept” have on one^s conduct, 
or does health or mental level? 

Looking for an honest man—a quest 
which on account of the rarity of spon¬ 
taneous specimens will, of course, turn 
out to be mainly a question of figuring 
how to produce one—^has, then, come to 
be recognized as a venture which needs 
the cooperative labor of the objective 
investigator Further, with respect to 
the steps in the search, it is clear that the 
first worry will have to be, not the dis¬ 
covery (or production) of an honest man, 
though that is the end-goal, but the dis¬ 
covery of an improved lantern. Rays 
must be found which will penetrate 
deeper into the darkness, whether it is 
a matter of finding guilt after an offense 
has been committed or of finding guilt 
ahead of time in terms of degree of moral 
liability or, inversely, in terms of amount 
of capacity to go straight in the face of 
temptation Finding the offender is apt 
to be too much like making an inference 
that the child with a jelly ring around 
his mouth IS guilty of robbing the pan¬ 
try, though while he was innocently 
napping the ring may have been trans¬ 


ferred there, so to speak, from the face 
of the actual culprit And only the faker 
still claims that the lines of the palm, the 
cut of the countenance, the contour of the 
cranium and the revelations of the horo¬ 
scope give a trustworthy tip on future 
conduct A technique is needed which 
will locate guilt and establish an index of 
moral dependability with less beating 
around the bush by circumstantial evi¬ 
dence and with none of the discredited 
fortune teller's art What promise is 
there that our patient and ingenious 
modern Diogenes, with his deceit¬ 
measuring inventiveness, is going to 
subject guesswork and trickery to much 
of a purge ? 

The ambition to apply the yardstick 
to morals was given its initial boom by 
the so-called “lie detectors”—^the word- 
association trap which the victim snaps 
by his own response to verbal bait—and 
the laboratoiy instruments for securing 
telltale breathing curves, blood pressure 
records and galvanic-reflex readings 
The operation of the first of these “lie 
detectors” is illustrated by the city youth 
who a few years ago arrived in Toronto, 
Canada, claiming to be a half-civihzed 
bush boy who had been robbed of furs 
on the northern border, and then pricked 
the bubble of his clever romancing by 
replying with “Dempsey” to the word 
“fighter,” suddenly shot at him, and 
with “first” to the word “safety,” and 
by taking a longer time to reply to in¬ 
criminating than to neutral words when 
he tried to hedge The operation of the 
other detectors—if they had been used in 
this instance—is easy to picture: the rub¬ 
ber girdle about the boy's chest, the 
pneumatic sleeve wrapped around his 
arm, and the electrodes of the galvanom¬ 
eter in contact with his skin—all count¬ 
ing as so many additional triggers to set 
off the trap 

For the most part these “mind read¬ 
ing” devices have been employed for 
demonstration purposes in the psycholog¬ 
ical laboratory, where they have been 
kept (or returned) for further study and 
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improvement In the early days when 
the word response was the only trigger 
the trap had, few people rated its relia¬ 
bility very high and hardly anybody 
besides Hugo Munsterberg took stock in 
the opinion that this new-fangled method 
of snaring the evil-doer should be sub¬ 
stituted for that crude and inhuman 
method of ‘‘working on’* suspected crim¬ 
inals, known as the “third degree “ But 
with the multiplication and betterment 
of these psychological devices and their 
use in combination, the faith of the few 
has spread, and it is becoming not un¬ 
usual to read in newspaper and magazine 
that the “he detectors” have been given 
again—given upon invitation and for 
practical reasons, let it be added, and 
not under sufferance to please the whim 
of some insistent experimenter. 

But it IS well that popular favor has 
given its patronage to the “lie detectors” 
an inch at a time These detective in¬ 
struments, like an x-ray machine, may 
turn culprit or criminal inside out, as by 
zigzagging curves and dial readings his 
deeper bodily changes are made visible, 
but it still remains to interpret the pic¬ 
ture The suspect’s guilt or innocence is 
not spelled out in unmistakable letters 
The fact that these deeper, organic reac¬ 
tions are involuntary and can’t be made 
to belie culpability like a face “kept 
straight,” does not guarantee that they 
can be subject to no other source of 
causation except actual misconduct 
How much more simple the laboratory 
detective’s assignment would be if only, 
as the Hindus thought, a person moved 
his big toe every time he lied, and still 
more assuringly than the Hindu legend 
mentions, moved it at that time and no 
other! But the symptomatic correlate of 
deceit has not turned out to be so easily 
recognizable or so unambiguous in its 
significance, and the locating of guilt, 
even where the offense is large, is requir¬ 
ing all the resource that scientific 
specialization can command. 

It is not claimed, even by the psycho¬ 
logical sleuths, themselves, that this new 


technique makes the detective’s art infal¬ 
lible When asked to give the “lie detec¬ 
tor” test to a person suspected of mur¬ 
der, of kidnapping, of embezzlement, of 
fraternity thieving, of having injured a 
pedestrian or any of a thousand major 
or minor offenses, our humane inquisitors 
feel unhesitatingly certain of their find¬ 
ings only where confession follows But 
this dependence on confession for 100 per 
cent reliability is not to be taken as an 
admission of zero futility where confes¬ 
sion does not follow Psychological 
sleuthing is not purely a matter of run¬ 
ning a bluff 

The fact that “70 per cent of the 
offenders confess” when put through the 
test ordeal would indicate that the guilty 
individual is routed out of almost his last 
hiding place Certainly as compared 
with the medieval ordeal of having to 
swallow rice flour, the modern stratagem 
IS an enormous improvement Though 
what IS sought is still a telltale fear reac¬ 
tion, the dryness of the mouth, as indi¬ 
cated by the state of the chewed rice or 
the ability of the suspect to swallow the 
morsel without choking, did not give as 
trustworthy a clew as does the fear- 
caused moisture of the skm as indicated 
by the easily deflected needle of the gal¬ 
vanometer , and this advantage in trust¬ 
worthiness 18 more than tripled when 
circulatory and breathing changes are 
added The gam in dependabdity comes 
not only from more accurate ways of 
measuimg incriminating responses but 
also from more artful ways of keeping 
accused innocence from making such re¬ 
sponses, at least from making them with 
anything but negligible infrequency If 
a “dry mouth” is about as apt to convict 
the guiltless as the guilty, then the same 
might bo expected to be true of a moist 
skm, for the salivary glands and the 
sweat glands are about equally beyond 
the control of the individual under sus¬ 
picion and about equally sensitive to 
emotional excitation. There is something 
to be said for a trap which is so delicately 
poised that it will be sprung by the cool- 
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est criminal, but only if it can’t be 
sprung by the excited innocent In 
order to escape such a fiasco of justice, 
our modern Sherlock Holmes has at¬ 
tempted, therefore, to keep the guiltless 
from knowing when excitement will mean 
guilt and to make enough “inside” refer¬ 
ences to the crime to allow two or three 
doubtful responses on the part of the 
falsely accused to pass as accidental 
The stimulus words with which the sus¬ 
pect IS confronted are selected with a 
painstaking ambition to make sure that 
sprinkled among ‘ ‘ non-crucial ’' words 
there will be “crucial” words, the kind 
that only the actual perpetrator will con¬ 
sciously connect with the crime or misde¬ 
meanor The word “shovel,” for exam¬ 
ple, used as a “crucial” word to catch 
the slayer of a dog, is no part of a trap 
to any one except the person who took 
the animal’s life by means of such a 
weapon, unless publicity has already 
made such knowledge common property, 
and this would hardly be true of the 
majority of the trigger words Only for 
him does the word “shovel” disturbingly 
suggest the immediately-tabooed response 
“dog,” and excite questionable skin re¬ 
flexes (and breathing and blood-pressure 
changes). That is to say, a trap that is 
tremulously sensitive to fear is set only 
for the fellow who knows too much of 
what went on behind the scenes, and the 
guarantee that the jaws have clamped on 
a law-breaker is in direct proportion to 
the amount of disagreement between the 
responses to incriminating words and the 
responses to neutral words 

Likely, enough has been said to show 
that the “he detecting” strategy is com¬ 
petent to afford some help in the quest 
for an honest man Old Diogenes would 
have swapped his lantern for such an 
improved technique and would have 
gloated over an opportunity to try it out 
on some of those popular ringleaders 
whose deception stirred his cynicism. 
But if he had wanted to use the “lie 
detectors” to prevent crookedness rather 
than to catch the crooks, he would have 


found their utility limited in two disap¬ 
pointing ways. For one thing, they are 
not as competent to discover the non¬ 
delinquent, or pre-dehnquent, child, as 
they are to discover the delinquent 
youth, or criminal adult. And for an¬ 
other thing, they have only a snail’s 
competence for accumulating data on a 
large sampling of individuals Only 
searchlights w^hich can be turned on a 
group of individuals, all at once, will 
supply the abundance of data needed to 
catch a thief, a liar or a cheater, ahead 
of time, make it possible, that is, to know 
to what degree a group (or less certainly, 
an individual) is potentially dishonest 
But the “he detector” method is not 
alone in the search for an honest man. 
Two other methods, the biographical and 
the statistical, have joined in the hunt 
and are attempting to provide the re¬ 
sources needed to discover the wayward 
while dishonesty is at a minimum and 
honesty at a maximum and while it is 
possible to stait the wayward one on the 
right track without having to back him 
up so far 

The biographical method of looking 
for an honest man, reckoned from the 
time it got its name (especially if one 
designates it by the name, “biometri¬ 
cal”), 18 a relatively young sort of 
strategy It has been only a few decades 
since we began reading about the “juve¬ 
nile court,” the “visiting teacher,” 
“family case-work” and the “child 
clinic ” But in terms of its essential 
nature, the method dates back to the first 
attempt to handle a troublesome child by 
getting better acquainted with him and 
not by “beating” him 

The short-cut of the laboratory magi¬ 
cian with his be-detectmg set-up (his 
polygraph which registers its several 
findings simultaneously) is at the other 
pole from the procedure which charac¬ 
terizes the biographical technique The 
tactic here is that of the clearing house 
to which a group of banks with over¬ 
lapping obligations send their accumu¬ 
lated checks for comparison to find out 
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what the actual disparities are, only in 
this case the checks are diagnostic items 
which range from the pick-up of casual 
observation to the data which is obtained 
under strictest control In order to dis¬ 
cover and clear up any ‘‘trouble spots’’ 
where character fails to balance, all sorts 
of diagnostic ingenuities are laid in com¬ 
mand, not excepting the “he detectors ” 
Actuated by the stimulus of a reclama- 
tory goal, which alone can prevent the 
assembling of facts from becoming a 
Dead Sea of routine, the field investi¬ 
gator, the psychologist, the physician, the 
educational export and the juvenile court 
judge may all combine to play the role 
of “Good Samaritan” to the neglected 
youngster who has been beaten by cruel 
circumstance and left maladjusted by the 
wayside, and no effort is spared to learn 
what such a child needs to have done for 
him so that he may be cured of his in¬ 
juries, and through follow-up oversight 
stay cured In gathering information for 
treatment and guidance, many a stone of 
personal and familial history is turned, 
sometimes the investigative ramifications 
are so varied and exhaustive as to be 
amazing It is reducing the account of 
one of these elaborate samples from 
ninety pages to nine lines to say that 
practically everybody was interviewed, 
every written item which might contain 
a bit of pertinent fact scrutinized, and 
every resource of science called on for 
aid What the parents and other rela¬ 
tives—even neighbors—could contribute 
was tactfully elicited, school records, 
including teachers’ opinions, and health 
records, both mental and physical, and 
for parents and grandparents and other 
near relatives as well as for the child, 
himself, were conscientiously sought, 
and numerous blanks were filled with the 
data obtained by physical, psychological 
and psychiatrical examinations And, of 
course, a clinical inventory could not be 
considered exhaustive unless it included 
the youngster’s autobiography, the inside 
facts, usually gained through friendly 
and informal conversation, but sometimes 


supplemented by the more formal maneu¬ 
vering of the psychoanalyst 

Imagine some distinguished personage 
submitting to a biographical overhauling 
so revealing and authentic I Only a 
Kousseau or a De Quincey—^two in a 
million—would permit so much truth to 
be brought to light Needless to say, such 
an unrestricted inventory is rare even in 
a clinical biography, though this is not 
because the loss of reputation is greatly 
at stake A clinical diagnosis, in con¬ 
trast to a “debunking” biography, is 
kept as private as possible and not adver¬ 
tised to the four winds The expense is 
the rub, it is too great for chanty to 
carry, and the general public is not yet 
willing to bear the burden through social 
security taxation Yet, however infre¬ 
quent this elaborate case study, it serves 
to show how far biographical lantern- 
bearing IS competent to throw light on 
the classification of children according to 
character, and to acquire, thereby, the 
wisdom necessary to guide in the rebuild¬ 
ing of weak places 

It IS unquestionably true that, by act¬ 
ing on the proposition which holds the 
restoration of the offender to be more 
important than the figuring out of a 
penalty commensurate with the offense, 
the biographical method has been able, 
through reducing dishonesty, to supple¬ 
ment the puiely negative “he detecting” 
method of looking for an honest man 
But still there is room, after the labora¬ 
tory detectives and the clinical biog¬ 
raphers have done their utmost, for some 
Diogenes to be skeptical about our being 
able either to find or produce an honest 
man The detective machinery can, at 
best, do little more than make the gross 
distinction—^guilty or not guilty, and the 
biographical cross-checking procedure 
can do little more than make gross quali¬ 
tative contradistinctions, than classify a 
particular problem youngster as a first¬ 
time offender or a repeater, or as a nor¬ 
mal delinquent or a constitutionally 
psychopathic one Furthermore, each 
artifice—especially the first—is open to 



272 


THE SCIENTIFIC MONTHLY 


the criticism of having arrived after the 
thieving (lying or cheating), in such 
amounts as to shock society, has already 
occurred; and it follows, of course, that 
each artifice has the limitation of not 
being able to check with any nicety on 
how much progress is being made—or 
can be made—^through any reclamatory 
program 

But it would seem that in this matter 
of finding an honest man, invention is not 
going to stop short of a thoroughgoing 
attempt at discovery; fpr a third method, 
the statistical, has joined in the search 
and IS undertaking, specifically, to re¬ 
move those last doubts of skepticism 
This method, which aims to get data on 
more and more individuals (mainly 
school children) and keep it up until the 
data are inclusive enough to make pos¬ 
sible the discovery of authentic measur¬ 
ing devices, is, just now, in the thick of 
a struggle against the necessity of treat¬ 
ing honesty merely as a qualitative fact 
(as hedonistic ethics through long cen¬ 
turies has had to treat happiness and 
pain and continually fail to obtain their 
algebraic sum) It would reduce trust¬ 
worthiness (or untrustworthiness) to 
quantitative units, and do it with a 
measuring scale whose subdivisions are 
sufficiently small to give a reading on 
delinquency while still in the pre-delin¬ 
quency stage, to furnish a criterion for 
reckoning with some exactness, and 
ahead of time, the amount of moral vul¬ 
nerability (or resistance to temptation), 
and to appraise with practical depend¬ 
ability both the relative merit of different 
character-education schemes and the 
eomparative potency of such concomitant 
factors as intelligence, physical vitality, 
cultural background, school achievement, 
company kept, home conditions, and so 
forth 

To provide for the measuring of ca¬ 
pricious character a scale of such instru¬ 
mental dependability and wide service¬ 
ableness is an accomplishment which only 
the future can guarantee The fractional 


results secured m the parallel task of 
measuring intelligence, though sufficient 
to embolden with some confidence, have 
not failed to teach prophecy to be modest 
when it comes to the question of measur¬ 
ing something which is not only difficult 
to define, but difficult to isolate—^to tease 
out of the behavior tangle—^however in¬ 
genious the technique employed. Our 
investigators of character are confronted 
With the same question which has con¬ 
fronted the students of intelligence, 
namely. “How translate a vague intan¬ 
gible into objectively computable con¬ 
duct, and by so doing bring it under 
predictive controH’^ Which in this case 
means, “How prevent dynamic nature 
from running wild in delinquency and 
crimeAnd the answer, again, is. 
“Do it by running the individual 
through a gauntlet of standardized situa¬ 
tions, called tests, and then calculating 
the score by means of statistical devices.'' 

The requirement laid upon any measur¬ 
ing instrument that it have a base line 
from which to make its quantitative cal¬ 
culations and that it have its subdividing 
notches identical throughout the instru¬ 
ment's range, are hard exactions for any 
“mental testing" scheme to satisfy, and 
character testing in its own way must 
pass through these fires 

Locating a zero point for deception is 
analogous to doing the same thing for 
handwriting, and in the instance of one 
scale of penmanship specimens, the speci¬ 
men which IS just illegible takes the base 
line position A rather fuzzy line, but 
better than none, and this double decla¬ 
ration holds for the base lines so far 
figured out for the various tests being 
used, cooperatively, to grade character; 
they too are in the rough, but they are 
a move in the direction of a precision 
that IS better than saying, for example, 
that the zero for morals is the dividing 
line between being in and being out of 
the penitentiary It is safe to consider 
it an improvement upon the old dichot¬ 
omous classification which says that an 



LOOKING FOB AN HONEST MAN 


273 


adult or a child can either be trusted 100 
per cent., or can't be trusted at all, and 
consigns all deception, of whatever de¬ 
gree, to the same diagnostic black hole 

Least elaborated are the statistical 
attempts to make a quantitative diagno¬ 
sis of stealing and lying In the matter 
of theft, “coins" have been substituted 
for the “pepper-filled cherries" of the 
old McQuffey Reader The merchant, 
there told about, would have come nearer 
to finding an honest boy to serve as clerk, 
if he had placed money instead of cher¬ 
ries on the table in the waiting room 
Money has the advantage of providing 
about the same degree of temptation to 
every prospective sucker One youngster 
may crave some particular article more 
than another, indeed may not have the 
least craving for cherries, but a nickel is 
no particular article, it is five cents 
worth of whatever is most dear to the 
heart 

In the matter of lying, the dishonest 
are caught by an assortment of questions 
which relate to behavior standards and 
tempt the interrogated to angelic preten¬ 
sions “Do you always keep every secret 
that you promLse to keep T' is one ques¬ 
tion. “Did you ever write your name 
in the books you use which belong to the 
school or libraryt" “Do you always 
congratulate your opponentst" “Did 
you ever hurt or cause pam to a dog, cat 
or other animal ?" “ Did you ever blame 
another for something you had done 
when you knew all the time it was your 
fault?" “Did you ever take anything 
(even a pm or a button) that belonged 
to some one else ?" These are other ques¬ 
tions; and there are still others, enough 
altogether to make any one but a “pious 
fraud" acknowledge some shortcoming 

In the check-up on thieving or falsify¬ 
ing, the character-testing technique is 
close to the starting point in its develop¬ 
ment into a measuring scale In the coin- 
tempting set-up the tempted individual 
either steals one, or more, of the coins, 
which he has an apparently safe oppor¬ 


tunity to steal, or he does not Having 
provided a lure and a promise of escape 
that closely duplicate life's own realism, 
the tester needs only to look at the scale- 
beam, as it were, and take the readings, 
in order to know whether the tempted 
one IS guilty or not, and in order to have 
a basis for predicting future conduct—a 
past on which to base an index of (some) 
trustworthiness Also, in its relatively 
undeveloped strategy, cornering a falsi¬ 
fier does not involve a great amount of 
statistical juggling 

It will, therefore, be advantageous to 
shift our story before going deeper into 
the statistical technique, since it is in 
connection with cheating that the attempt 
to find a borderline between honesty and 
dishonesty, and a dependable scale unit 
to measure distance from this Ime, has 
carried the maneuvering to greatest 
lengths 

To find a zero point from which cheat¬ 
ing can be calculated it has been neces¬ 
sary to find the average score of a group 
of individuals in a standardized per¬ 
formance and, then, to correct the middle 
score by making an allowance for legiti¬ 
mate fluctuations. The size of the cor¬ 
rection IS the average of the “gams and 
losses" of the same participants m a 
second undertaking which, m difficulty, 
IS a twin of the first This procedure has 
the sanction of everyday observation A 
group of golfers, for example, playing a 
standardized course to-day and a differ¬ 
ent, but equally difficult, course to¬ 
morrow, would hardly be accused of 
cheating if the average for the second set 
of scores differed somewhat from the 
average for the first set Cheating can 
be counted only from the point where 
chance fluctuation ends 

If when unsupeivised, an individual's 
score rises above the level of legitimate 
upward fluctuation from the corrected 
middle score, by so much is it made prob¬ 
able that the score is too good to be true. 
And if this rise in fluctuation is as much 
as three sigmas above the honest-average 
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fluctuation of a large enough random 
selection of individuals to give a surface 
scatter of scores comparable to the side- 
view of an admiral’s hat, the probability 
that cheating has occurred is about 999 
in 1,000 This estimate is based on the 
fact that in a normal distribution of 
scores a scatter of six sigmas—three on 
either side of the central score—wipes up 
99 73 per cent of the cases and reduces 
the chance of occurrence for a deviate of 
3 sigmas to 117 in 1,000 From these 
flgures it would appear that one would 
have to be a terrible sinner to be caught, 
but this is true only where the calculation 
is based on a one-test temptation With 
a considerable number of tests all point¬ 
ing a finger at an offender much smaller 
single probabilities will convict It 
would take a whale of a drop in a golf 
score to give ‘‘hanging certainty” of dis¬ 
honesty, but wore there probability of 
cheating in business, m lodge affairs, etc , 
as well as in golf, mucli smaller amounts 
of probability would give highly reliable 
grounds for the assessment of guilt 
We are not forgetting, of course, that 
dishonesty is not satisfactorily measured 
until its probability is calculated with 
respect, not only to the past, but also to 
the future It is important to know the 
degree of probability that an individual 
has committed an offense, but it is equally 
important to know what are the prob¬ 
abilities that he will repeat if he gets a 
chance, if he faces a similar temptation 
The amount of certainty with respect 
to the eventualities connected with any 
particular individual is less, as is gen¬ 
erally known, than the amount of cer¬ 
tainty with respect to the group. A life 
insurance company can base its financial 
security on a group life-continuance 
probability which guarantees nothing 
about the longevity of any single member 
of the group Very little trespassing by 
our golfers as a group, beyond the limit 
permitted by honest fluctuation, would 
suffice to guarantee not only that cheat¬ 
ing had been committed but that—^with¬ 


out the intervention of some Billy Sun¬ 
day—it would occur again under similar 
circumstances and in about the same 
amount. 

Character tests, competent to check on 
the group as a whole, will make it possible 
to calculate the comparative effectiveness 
of Scout participation and Sunday-school 
attendance, of instruction which points 
a moral and instruction which lets noble 
conduct speak for itself, to calculate the 
anti- and pro-moral influences of slum 
and select communities, of broken and 
intact homes, of bad and good compan¬ 
ions, and to calculate—as intelligence 
testing now does in its field—how well 
certain types of future stresses are going 
to be withstood, to know ahead of time 
the morality risk But if the statistical 
maneuvering is going to be competent to 
measure with any such trustworthiness 
the effects of training and circumstance 
on the conduct of a particular member 
of the group, the tests used will have to 
be gieatly refined and multiplied, an 
accomplishment which will require a 
“vast amount of work” and an abun¬ 
dance of inventive genius 

In endeavoring to measure honesty in 
school children (the investigator’s most 
accessible subjects) the procedure dupli¬ 
cates to a striking degree the earlier 
attempts to get a line on such a simple 
ability as spelling, and in the later en¬ 
deavor the object is, again, to know when 
and how much—if any—progress is 
being made in school and to grade the 
methods and devices in vogue, or pro¬ 
posed, for educative promise It is in the 
scaling of ability to be honest, just as it 
has been in the scaling of ability to spell, 
a question of finding hurdles that in 
smallest number will provide a basis for 
rating a question of collecting a list of 
more and less difficult words from among 
those most frequently used, in the one 
case, and of “collecting a list of situa¬ 
tions in which deceptive behavior is more 
(and less) frequently practiced,” in the 
other. The tempting situations are realis- 
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tic samplings from school, home, play¬ 
ground and party, such temptations as 
are provided by an opportunity to go 
against instructions and get help on home 
work, to use a key not only for grading 
a standardized arithmetic test but for 
slipping in a few corrections, to add to 
a performance in a speed test by writing 
answers after time has been called, to 
reach the floor and give weak arms a little 
help in chinning the bar, and to peep 
when making the turns in a pencil maze 
or when pinning the tail on the donkey 
There are around thirty such baiting 
situations, already contrived, and in con¬ 
nection with each situation some one of 
a half-dozen diifferent traps is set, traps, 
called ‘ techniques,and of such camou¬ 
flaging merit, when ideally constructed, 
that they can be used again and again 
with the same children The deceiver 
walks into the trap, is caught and is 
checked on for guilt without waking to 
the fact that his morals have been scien¬ 
tifically scrutinized The child who 
thinks he has improved his showing 
when he uses a key to doctor his per¬ 
formance on an achievement test is liv¬ 
ing in a fool’s paradise, because the 
“duplicating technique,” by paraffine 
impression or some similar method, has 
provided a double of the bona-fide an¬ 
swers And in like manner the “over¬ 
statement technique” works behind the 
scenes to trap the young pretender who 
sanctions inflated estimates of his accom¬ 
plishments by answering “Yes” to such 
questions as “Did you receive 95 on 
your last examination ? ” “ Did you ehin 
the bar 20 times without stopping?” 
“Did you do your homework without aid 
from any one?” Then there is the “im¬ 
probable achievement technique”—^to 
mention a third pitfall It snares the 
unsuspecting by setting tasks that, under 
the rules to be followed in their execu¬ 
tion, are well beyond normal human 
capacity. It is this trap which catches 
the fakers who with eyes closed thread 


mazes of such difficulty as to belie the 
visual handicap, or in the five minutes 
allowed, perform the improbable feat of 
clearing a ‘ ‘ peg solitaire board, ’ ’ checker¬ 
jumping fashion, of all but one of its 
thirty-three pegs 

At present these baiting situations are 
too few and the trap-setting too amateur¬ 
ish to provide a very reliable scale for 
grading honesty But through the sta¬ 
tistical study of character, science is 
going to provide our modern Diogenes 
with a third lantern of very piercing 
rays And then equipped, not with one 
but three lanterns, his quest along the 
streets of to-day should not be doomed to 
complete disappointment Not that he 
should expect to find a perfectly honest 
man—for sanctified citizens exist only in 
ideal realms, but such honesty as there 
IS he might expect to find, mixed in each 
individual instance with more or less 
dishonesty Through the instrumental¬ 
ity of the lie-del (»ctor lantern, he should 
be able to find those in whom the alloy 
of dishonesty exists in lather gross 
amounts, through the instrumentality of 
the biographical lantern, whose rays are 
partly of the ultra-violet sort, he should 
be able to bring the youthful delinquent 
into view before he has fallen into the 
clutches of the belated policeman or the 
plain-elothes detective, and through the 
instrumentality of the statistical lantern, 
whose brightness reveals dishonesty in 
smaller and smaller subdivisions, he 
should be increasingly able to guide edu¬ 
cation in the more ideal task of prevent¬ 
ing dishonesty 

In very wishful spirit, we hope that the 
multiplying successors of Diogenes mil 
keep looking for that “honest man” and 
that their looking will lead to the discov¬ 
ery of a way to teach morals just as 
surely as arithmetic is taught, a way to 
stock this pestilential world so full of 
honest men that one can be found for 
every office 
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A WAY TO UTOPIAi 

This almost encyclopedic volume by 
one of Great Britain’s able young scien¬ 
tists is on a subject of wide interest 
throughout both the democracies and the 
totalitarian countries to-day. Perhaps no 
one IS better qualified than Bernal to 
write such a book, for he has a wide 
knowledge of science, the vigor and dar¬ 
ing—^and also the hopefulness—of youth, 
a zealous interest in the subject and a 
clear and vigorous style Yet in reading 
his censure and his praise we should re¬ 
member that his youth was darkened by 
the tragedies that fell on nearly every 
British family during the World War, 
his early manhood was disturbed by the 
severe readjustments that were necessary 
in the following decade, and during the 
past ten years he has seen almost world¬ 
wide economic dislocations and now the 
menace of a new war We are affected 
by our environment, sometimes pro¬ 
foundly 

The book consists of two parts, ^'What 
Science Does” and ”What Science Could 
Do.” Of these two parts, the former is 
the more interesting and probably the 
more important, although the latter con¬ 
tains many penetrating suggestions, as 
well as some that enter on the fantastic 
—such, for example, as diverting ocean 
currents and developing interplanetary 
navigation to escape final destruction of 
the human race 

In the introductory chapter we find, 
”The new methods of production which 
science has brought into being lead to 
unemployment and glut without serving 
to relieve the poverty and want which 
are as widespread in the world as ever 
before At the same time, the weapons 
devised by the application of science 
have made warfare a far more immedi¬ 
ate and more terrible risk, and have di- 

1 The Social Function of Science, By J D. 
Bernal. Illustrated. xyi +482 pp. $3.50. Mae* 
millan Company 


minished almost to vanishing point that 
personal security which was one of the 
chief triumphs of civilization. . . . War, 
financial chaos, voluntary destruction of 
goods which millions need, general 
undernourishment, and the fear of still 
other wars more terrible than any before 
in history, are the pictures which must 
be drawn to-day of the fruits of sci¬ 
ence ” Even m the disturbed days of 
the past decade such words could be 
written only by one whose experience 
did not extend far back and who ignored 
the starvations, the pestilences, the wars, 
the cruelties that have blackened nearly 
every page of history This tendency of 
the author to use in his comparisons 
some undefined ideal instead of histori¬ 
cal realities is characteristic of the cru¬ 
sading spirit Yet many of his barbed 
shafts have reached legitimate targets 
With excellent aim he shoots his arrows 
at the weaknesses of the teaching of sci¬ 
ence in both secondary schools and col¬ 
leges, at the defects of its uses in indus¬ 
try and government, at the lack of 
coordination of science, at industrial 
competition, at monopoly and at many 
other things which are short of perfec¬ 
tion These criticisms are not simply 
striking comments about imperfections, 
but are thoughtful opinions, often sup¬ 
ported by evidence, on questions deserv¬ 
ing careful attention 
In the chapter on ” International Sci¬ 
ence,” which contains a brief survey of 
science throughout the world, the atti¬ 
tude of the totalitarian countries toward 
science is very severely, and on the whole 
justly, dealt with Indeed, Fascism and 
the Nazi form of it are unsparingly con¬ 
demned both as basic theories and in 
practice He quotes Herr Dr Stark’s re¬ 
markable article in Nature and in ”Das 
schwarze Korps,” and numerous ex¬ 
cerpts from Chancellor Hitler’s ”Mein 
Kampf.” There is no kind word for 
Germany or the Germans of to-day, al- 
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though the Germans are actually a great 
people who undoubtedly in the not dis¬ 
tant future will again join with all other 
peoples in promoting the science and 
civilization of the world 
After reading Bernars strictures on 
Fascist Italy and Nazi Germany, one is 
not prepared for his unvarying enthusi¬ 
asm for the Soviet Union Over and 
over again he speaks of the Soviets with 
warm approval and without a word of 
criticism. He exalts the words of Marx, 
Engels and Lenin respecting the organi¬ 
zation and use of science On page 222 
we read. ‘ ‘ For the last twenty years the 
prevailing social system has not been 
universal There has existed in the 
world a country in which the basic 
method of production and social rela¬ 
tions have been quite different and con¬ 
sequently the relations of science to soci¬ 
ety have been so too The Soviet Union 
differs from all previous civilizations in 
having been to a large extent thought 
out beforehand and in being man’s first 
conscious effort to mould the very frame¬ 
work of his own activities The basis of 
these conceptions lay in the criticisms of 
developing capitalism which was carried 
out over the last hundred years by Marx, 
Engels, and Lenin ” These strong words 
about the Soviet program having been 
thought out beforehand are partly con¬ 
tradicted by (p. 226)’ ^*The organiza¬ 
tion of Soviet Science is somewhat com¬ 
plex and is by no means yet fixed. In 
the early stages many inprovisations 
were made, some of which have been re¬ 
tained and others dropped ” But this 
is about the only admission that the feet 
of the Soviets are partly of clay. 

The uncompromising partisanship of 
the book, emphasized over and over 
again in many paragraphs, gives the 
reader an uneasiness that he would not 
otherwise have The Russians are un¬ 
doubtedly a great people who are des¬ 
tined tp contribute much to the progress 
of the world. But they have not yet 
reached Utopia, even in science, as Pro¬ 
fessor Edwin G. Conklin learned when 


he found that his book, ^‘Heredity and 
Environment,” translated with his per¬ 
mission by a Russian into Russian, in 
1935, had certain paragraphs and even 
entire chapters omitted, without notice 
to the reader that they had been omitted, 
because they did not agree with Soviet 
ideology Such an occurrence takes 
much of the weight from Bernars boast 
of the number of scientific books that 
have been translated into Russian More 
recently there have been several occur¬ 
rences that indicate that the science of 
heredity, as it has developed under the 
influence of the Mendelian law, is not in 
favor with the rulers of Russia The 
International Congress on Genetics, 
which was to have been held in Moscow 
last summer, was suddenly cancelled by 
the Soviet authorities Still more re¬ 
cently the work of Professor Vavilov, 
one of the best students of heredity in 
Europe, has been condemned and, ac¬ 
cording to reports, ”Mendelism and 
Morganism have been denounced because 
they do not accord with the principles 
of our Government ” 

Probably quite unconsciously, the 
author falls into an attitude common to 
the people of all totalitarian states and 
which appears to be becoming acceptable 
in this country That attitude is that an 
end which appears to be desirable to 
those in power justifies force to secure 
it This idea lies back of all emphasis 
of the supreme importance in science of 
organization, cooperation, avoidance of 
waste, production purely for social pur¬ 
poses and not for profit and similar high 
ideals set forth in many pages As I 
said, I think it was not realized by the 
author that these ends can be attained 
in the near future only by a political 
organization willing to employ force In 
fact, be speaks often of the desirability 
of freedom in science But uniformity 
in science and other intellectual pursuits 
would be more difiicult to attain than 
uniformity in matters pertaining to the 
body. As desirable as it might be from 
some points of view, I doubt that the 
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author would seriously advocate in the 
interests of efficiency and economy the 
adoption of a uniform diet designed only 
to provide the necessary nourishment or 
that clothing or dwellings should be 
standardised for similar reasons It 
would be easier to secure conformity m 
these things than in some of those he 
advocates The history of life on the 
earth, and of the advancement of civili¬ 
zation as well, proves the fact that prog¬ 
ress IS gradually achieved by enormous 
diversity with many failures, as well as 
a few successes, and that uniformities 
lead to stagnation and often to extinc¬ 
tion There is no evidence that man has 
yet developed mentalI 3 ' to the point at 
which he can safely avoid diversity and 
abandon the methods of almost reckless 
experimentation I am confident the 
the author would agree with these senti¬ 
ments, though many of the things he 
advocates seem to implv the opposite 

F R M 

FOOD FROM THE WILD^ 

For over thirty yeais Professor Meds- 
ger, a gifted naturalist and inspiring 
teacher of nature stmly, has been col¬ 
lecting data on the wild plants of North 
America which yield food for man; and 
now that he has retired from active teach¬ 
ing, he has fortunately been able to pub¬ 
lish the results of his studies in the ex¬ 
cellent book befoie us The work is di¬ 
vided into sec*tions dealing successively 
with fruits, nuts, seeds and seedpods, 
salads, roots and tubeiN, beverage and 
flavoring plants, sugars and gums and 
mushrooms Under each, the species are 
arranged in the order followed in stand¬ 
ard works on botany, the international 
system of nomenclature being followed 
Under the individual species there are 
given full descriptions of the plant, data 
as to its geographic range and notes on 
the edible parts and how to use them, 
based ni numerous instances on the au- 
1 Edible Wild Plants By O. P Medsger. 
Illustrated xv + 323 pp $3 50. Macmillan 
Company 


thor's own wide experiences The text is 
liberally interspersed with bits of poetry, 
quotations from early writers on the 
foods of the Indians and similar mate¬ 
rial At the end there are given useful 
tabulations of the species included, ar¬ 
ranged m four geographic categories— 
northeastern, southern, midland and 
western Finally, there is a general in¬ 
dex nearly nineteen pages in length 

Many of the food plants included are 
of coui*se familiar to every one who hikes 
in the woods, but some of them are 
rarely if ever recognized as edible. 
Skunk cabbage, when boiled thoroughly, 
with two or three changes of water, and 
then seasoned, is recommended as having a 
pleasing taste Common milkweed, when 
well cooked, is described as much like 
spinach duckweed, ‘‘when properly 
prepared, makes a splendid potherb I 
have tasted its edible qualities, and can 
recommend the plant 

That there are elements of danger in 
eating some wild plants is clearly recog¬ 
nized The author points out that it is 
not desirable to eat many Canada yew 
berries at one time, and the seeds should 
not be chewed nor swallowed He gives a 
graphic description of the severe colic 
he suffered when, as a lad of eight, he 
ate all the May-apples he could Labra¬ 
dor-tea he finds to make an agreeable 
be\erage, but advises against drinking 
more than a cup at a time because of 
its narcotic effects 

Every one who camps out in the woods 
and wdio knows enough about botany to 
identify the commoner plants will cer¬ 
tainly wish to make use of this book to 
aid him in supplementing a monotonous 
diet of canned goods with native novelties 
Edgar T Wherry 

WHAT IS DOWN BELOWi 

This volume, one of the series on vari¬ 
ous physical properties of the earth pub- 

1 Internal Constitution of the Earth, Edited 
by Beno Gutenberg Illustrated ix + 413 pp 
$5 00 McQraw Hill Book Company. 
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lished under the auspices of the National 
Research Council, is not a light book for 
casual reading during a vacation. On 
the contrary, it undertakes to set forth 
for specialists, and with no attempt at 
avoiding technical terms, what has been 
learned about the constitution of the in¬ 
terior of the earth The subject is very 
complex and presents serious difficulties 
and uncertainties in conclusions, as is 
indicated in the preface ‘‘There remain 
only those irreducible disagreements 
which are inevitable with reference to 
a subject that combines the results of so 
many divergent and highly active fields 
of investigation ** 

After an introductive chapter by the 
editor, Harold Jeffreys, of Cambridge, 
England, discusses the origin of the solar 
system, foigetting, however, the twenty 
yeai*s he held to the Laplacian theory 
after it had been abandoned in this 
country, and an equal interval in which 
he clung to the fission theory of Sir 
Ceoige Dai win of the origin of the moon 
from the earth Ncvcitheless, he has 
written an excellent summary of the sub- 
je(*t assigned to him 

Ueginald A Daly, of Harvaid TTniver- 
sity, folkms with a chapter on the mfer- 
en(*es that may be drawn from geology 
Then L H Adams, director of the Geo¬ 
physical Laboratory of the Carnegie In¬ 
stitution of Washington, contributes a 
chaptei on the elastic properties of the 
matenals of the earth’s crust The 
<*losely related subject of the relation of 
the earth’s crust to its intci’ior is treated 
by H S Washington, also of the Geo¬ 
physical Laboratory C E Van Ors- 
trand, of the U S Geological Survey, 
discusses the observ^ed temperatures in 
the earth’s crust, followed by a chapter 
on the cooling of the earth and the tem¬ 
perature of the interior of the earth, by 
B Gutenberg, and two additional chap¬ 
ters by the same author on the forces in 
the earth’s crust and on hypothesis re¬ 
specting the development of the earth’s 
crust 

J B. Macelwane, of St Louis Univer¬ 


sity, contributes a chapter on conclusions 
respecting the interior of the earth from 
earthquake waves, after which he con¬ 
tinues with conclusions from deep-focus 
earthquakes The remaining chapters are 
by the same author, with the exception of 
one on the density, gravity, pressure and 
elhpticity in the interioi of the earth, by 
Walter D Lambert, of the U. S Coast 
and Geodetic Survey 

P R M 

ACCENT ON ODDITYi 

Three centimes ago, reputable authors 
described fishes with monks’ heads, uni¬ 
corns and tritons that played tricks on 
fishermen Those fictitious monsters have 
lost scientific standing, only to be re¬ 
placed by an an ay of actual animals 
which seem almost as grotesque and sur¬ 
prising 

To these living “unbelievables” of the 
zoologic w'oild, Mr Verrill has dedicated 
a series of books In these, the fifth and 
sixth volumes, he tells us about fishes that 
walk, beasts that lay eggs and a great 
variety of other creatures which violate, 
in one way or another, our ideas of what 
animals are and do 

They violate our nfeas; that is signifi¬ 
cant Though Mr Veirill labels them 
strange, oi misfits, most of these animals 
belong to ancient lineages v\hich v>ere 
established on eaith ages before man be¬ 
gan to decide what was queer and what 
was commonplace Tt is we who marvel, 
not they that are essentially maivTlous, 
our amazement at their forms and ways 
is a iiieasnie of our unfamrliarity with 
the biologic world In so far as Mr Ver- 
rill’s books reduce that unfamiliarit> and 
contribute to understanding, the> per¬ 
form a good servjr e If they merely 
intensify our willingness to marvel, they 
are likely to do harm 

CLP 

1 titranqo Ftsh and Their Slones Bv A. 
Hyatt Verrill Illustrated xixi220pp Strange 
Animals and Their Stories By A llyatt Ver¬ 
rill Illustrated 2H6 pp $2 50 each L 0 
Page Company. 
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THE PROGRESS OF SCIENCE 

CHICAGO COSMIC RAY SYMPOSIUM 


During the last week of June there was 
held at the University of Chicago a no¬ 
table symposium on cosmic rays A large 
proportion of the active students of cos¬ 
mic rays throughout the world were 
in attendance These included Victor 
Hess, now of Fordham University, whose 
balloon experiments in Austria in 1912 
establiblied the existence of the rays, Carl 
D Anderson, of the California Institute 
of Technology, who discovered positive 
electrons among his cosmic rays and 
found evidence for the presence also of 
the new sub-atomic particle, the meson, 
Werner Heisenberg, of Leipzig, of quan¬ 
tum theory fame, who has done much in 
interpreting the action of cosmic rays, 
W Bothe, from Heidelberg, and Bruno 
Rossi, from Padua, whose counter tube 
experiments have demonstrated the cor¬ 
puscular properties of the rays, and lead¬ 
ing representatives of other research 
groups from England, Holland, Canada, 
Mexico and the United States 

In modern research in the funda¬ 
mentals of physics, the study of cosmic 
rays has occupied less attention than that 
of the structure of the nucleus of the 
atom or of the interpretation of spectral 
lines Its students, however, believe that 
in cosmic rays we have the most effective 
tool for studying the components of 
atoms and how their nuclei are put to¬ 
gether Just as when the study of x-ray 
spectra helped us to solve the problems 
of the electronic atmosphere ot atoms, so, 
it is hoped, the study of cosmic ray proc¬ 
esses will clarify our understanding of 
radio-activity and other nuclear proc¬ 
esses, and lead to the next great advance 
beyond the quantum theory It was per¬ 
haps this feeling of the great intrinsic 
importance of their investigations which 
accounted for the concentrated interest 
and attention on the part of the galaxy 


of notable physicists during their four- 
day session 

Among the major findings reported 
may be mentioned conclusive evidence 
for the existence of mesons, new data 
with regard to their remarkable penetra¬ 
tion, evidence that they can be formed as 
rays in the atmosphere by the impact be¬ 
tween energetic particles, and apparently 
also of their spontaneous disintegration 
by a kind of radioactive process Neu¬ 
trons are much more abundant in cosmic 
rays than had previously been suspected, 
though the less massive neutrettos and 
neutrinos remain on the list of mere sus¬ 
pects It now seems probable that the 
incoming cosmic rays consist of protons, 
and that these come from our own galaxy, 
with energies of from a billion to a mil¬ 
lion billion electroft volts 

It IS noteworthy that the subject of 
how the cosmic rays are produced, which 
was the center of attention a few years 
ago, occupied no more than five minutes 
of the twenty-five hours of busy sessions 
of the symposium Their origin remains 
a mystery Of more immediate concern 
has been the problems of finding the com¬ 
position of the rays as we observe them 
on the earth and of learning what the 
rays do as thev pass through matter 

Fii*st to be identified among the cosmic 
ra\s in oui atmosphere were electrons 
and ])hotons Pierre Auger of Pans re¬ 
ported the icmarkable observation that 
these particles frequently occur in widely 
spread showers, sometimes as far as a 
thousand feet apart, all appearing to 
originate from the same parent ray high 
111 the atmosphere The energy of the 
original ray which gives rise to such a 
shower of photons and electrons must 
sometimes be greater than a million bil¬ 
lion electron volts, far greater than any 
other known type of ray Dr Serge 
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PROFESSOR PIERRE AUGER 

OF THE UNIVERblTY OF PARIS, ASSISTING IN A 
COSMIC RAY BALLOON FIJOHT FROM bTAGG FIELD, 
UNIVERSITY OF CHICAGO, ON THE FIRST DAY OF THE 
SYMPOblUM 

Korff, of the Bartol Research Founda¬ 
tion, described a series of his hip^h alti¬ 
tude balloon fliprhts in which, associated 
with these photons and electrons, he 
found the existence of a larjre number 
of neutrons For detectinjr the neutron 
rays he used the novel technique of fill- 
inji: his counting: tubes with a f?as con- 
taininj' boron, which has the remarkable 
property of absorbing? neutrons and be- 
comiiif? radioactive The detection of 
the neutrons is then made pg^ible by 
observing the disintegration of the boron 
atoms KorflF observed that.the rate of 
increase of neutrons is even more rapid 
with altitude than is the increase in the 
main body of cosmic ra.\s It appears 
possible that the neutrons result from 
the disii^feyprration of the nuclei of nitro¬ 


gen atoms when struck by the primary 
cosmic rays that come in from outside 
the atmosphere 

Carl Anderson and Seth Neddermeyer, 
of the California Institute of Technol¬ 
ogy, reviewed their now classic experi¬ 
ments, which show in a cloud chamber 
between the poles of a powerful electro¬ 
magnet the distinctive paths followed by 
the various types of cosmic lay particles 
Positive and negative electrons were 
made evident and new and more conclu¬ 
sive evidence was presented for the ex¬ 
istence of mesons Robert Bnxle, of the 
University of California, added the re¬ 
sults of somewhat similar studies in 
which he was able to count one by one 
the ions along the paths of these vaiious 
particles W Bothe, of the Kaiser Wil¬ 
helm Institute at Heidelberg, added 
strong evidence of a similar type If 
theie had been any doubt of the reality 
of the meson, none of the investigators 
present felt that the evidence could now 
be questioned 

Volney Wilson, of the University of 
Chicago, reported measurements of cos¬ 
mic rays made in various underground 
locations, down as far as 1,600 feet below 
the ground, which revealed the existence 
of the penetiating meson at least to a 
depth of 400 feet On the basis of his 
own new expeiiments at great depths, J 
Clay, of Amsterdam, suggested that be¬ 
low 400 feet the predominate form of 
radiation may be of a different type, 
namely, neutrinos, whose existence has 
for several years been suspected 
Whether this view is correct remains to 
be answered bv further experiments 

It has been more difBcult to learn the 
composition of the rays which come into 
our atmosphere from outside beyond the 
reach of our laboratory instruments 
Because of the manner in which the 
earth’s magnetic field bends the paths 
of these incoming rays, it has been 
known for some time that they are elec¬ 
trically charged and that this charge is 
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predominately positive The physicists 
from Bartol Research Foundation— 

F Q Swann, T H Johnson and Mr and 
Mrs C D Montg:omery—brougfht for¬ 
ward cogent experimental and theoreti¬ 
cal arguments favoring the view that 
the^e incoming ra>s are protons, the 
positive nuclei of hydrogen atoms 
Heretofore most physicists have doubted 
the adequacy of protons as an explana¬ 
tion for cosmic ray effects because it was 
supposed that particles as heavy as these 
could not produce the photons and elec¬ 
trons that are found so abundantly 
among the cosmic rays at high altitudes 
A discussion of the mechanism of the 
production of mesons, however, by Wer¬ 
ner Heisenberg, of Leipzig, indicated 
that very probably protons should be 
more important in affecting atomic 
nuclei than should any of the lighter 


types of particles On this view^ not only 
the meson but photons, electrons and 
neutrons, as well, would all be emitted 
when a proton coming to the atmosphere 
from the outside would make a close 
collision with an atomic nucleus 

Where the rays originate is a (piestion 
whose answer is being sought by a group 
of investigators whose work was re¬ 
ported by A H Comjiton This study 
concerned itself wuth an investigation of 
the relative intensity of the cosmic rays 
in the northern and southern hemi¬ 
spheres, a series of measurements being 
made on board a ship plying between 
Canada and Australia and Tasmania. 
If the rays came from beyond the Milky 
Way, because of the motion of the eaith 
with the rotation of the Milky Way, more 
of these ravs should be received on the 
front than on the ba(*k of the earth The 



BERNARD A. ECKHART HALL FOR PHYSICS, MATHEMATICS AND ASTRONOMY 

WHERE l-HE COSMIC RAY SYMPOSIUM WAS HELD, AND WHICH, WITH RYERSON LABORAIXIRY (LEFT 
FOREGROUND), HOUSES MOST OF THE PHYBK’S RESEARCH OF THE UNIVERSITY 




284 


THE SCIENTIFIC MONTHLY 


front in this case is the northern hemi¬ 
sphere The result of three years’ ob¬ 
servation was to indicate no difference 
between the rays received in the two 
hemispheres within a probable error of 
about one part in a thousand Since an 
effect of about one part in two hundred 
was anticipated due to the earth’s mo¬ 
tion, this seems to mean that the rays 
share the rotation of the Milky Way and, 
hence, are presumably a part of our own 
galactic system. Though this result sup¬ 
ports the conclusion drawn last year 
from a study of the daily (*hanges of cos¬ 
mic rays, the result is still somewhat 
uncertain, pending further theoretical 
and experimental investigations Tenta¬ 
tively at least, however, the ^‘cosmic” 
rays that we receive seem to be of no 
more remote origin than are the stars 
that belong to our galaxy 

One wishes there were time to con¬ 
sider, as M. S Vallarta and Victor Hess 
have done, the way in which the cosmic 
rays are affected by the magnetic field of 
the earth and apparently likewise of the 
sun In these effects lies an important 
method of determining the energy ot the 
rays as they approach the earth, which 
vanes from about a billion to a million 
billion electron volts 

As was to be expected at a stage of 
investigation where the experiments are 
not yet highly refined, there were some 
disagreements as to the exact nature of 
the data Most prominent of these was 
that with regard to the existence of a 
penetrating neutral radiation which 


would give rise to penetrating mesons 
in lead Experimental evidence put for¬ 
ward by W. Bothe was questioned by 
Bruno Rossi and by Pierre Auger An 
hour’s discussion of the point by the 
various investigators showed that further 
information is needed before the question 
of the existence of this neutral penetrat¬ 
ing radiation can be considered con¬ 
firmed 

The only other question of major dis¬ 
agreement was that of the name which 
should be applied to the particle of in¬ 
termediate mass This has been called at 
various times a heavy electron, a bary- 
tron, a yukon, a mesotron, a mesoton and 
a meson A poll of the assembled experts 
showed an approximately equal number 
favoring the name mesotron and meson. 
Partly because the European investi¬ 
gators seemed unanimously to favor the 
word meson, the present writer is like¬ 
wise adopting that word m order to 
prevent the confusion of tongues 

The accomplishments of the sympo¬ 
sium are not to be measured in terms 
of definite new conclusions which were 
reached Its mam significance lies 
rather in the fact that it focussed atten¬ 
tion on the important possibilities of the 
study of cosmic rays The true effects 
of the conference will thus not be felt 
until those who were present have had 
time to express m their own work their 
reaction to the new ideas and the stimu¬ 
lating discussions 

A H Compton 

University of Chicago 


THE STANFORD UNIVERSITY SYMPOSIUM ON THE CELL 
AND PROTOPLASM 


It is seldom that I have attempted to 
write anything, however brief, which 
seemed to bristle with the difficulties 
that I now sense m acceding to the re¬ 
quest of The Scientific Monthly for 
a report on this symposium To any in 
attendance the difficulties would not be 


hard to visualize. But first let me de¬ 
scribe in a very general and, I fear, a 
rather superficial fashion the intent and 
form of the symposium 
It was organized by Professor C V 
Taylor, dean of the School of Biological 
Sciences, and his immediate associates 
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with the purpose in mind of commemo¬ 
rating in appropriate fashion one of 
the great epochs m the history of the 
biological sciences — Schleiden and 
Schwann’s enunciation of the cell theory 
As IS true of scientific discovery gen¬ 
erally, this basic concept did not spring 
in adult stature from the head of a single 
Zeus Many biologists, some of whom 
have been almost forgotten in the flight 
of the centuries, contributed their part 
But without doubt it was Schleiden and 
Schwann who finally drew together the 
researches of their many predecessors 
and presented to the world of learning 
a final statement of the cell theory in a 
systematic and comparative form with a 
full appreciation of its fundamental im¬ 
plications One can safely hazard the 
thought that had Schleiden and Schwann 
not been in a writing mood in the year 
1838, others would certainly have pre¬ 
sented the same theory in an equally or 
perhaps an even more acceptable form 
within a year or two The fruit was ripe 
and it was only a question of seeing the 
trees, recognizing the maturity of the 
fruit and picking the crop I have 
never ceased to be enraptured by the 
constantly recurring observation that 
most of our great discoveries in science 


are announced almost simultaneously 
from several different laboratories by 
men whose approach to the problem has 
been entirely independent However, 
the explanation is simple, for it is all a 
part of the endless process of the evolu¬ 
tion and fruition of thought To those 
of us in attendance at the symposium 
evidences of this simple fact came again 
and again 

The introductory address, historical in 
character, was presented by Professor B 
G Conklin, of Princeton University 
Unfortunately space does not permit us 
to speak of this in detail nor of the fif¬ 
teen addresses that followed iii the next 
five days Perhaps it is sufficient to 
mention that by a gradual transition we 
passed from consideration of the grosser 
structure of living things to a treatment 
of developmental and environmental fac¬ 
tors, to microorganisms, over the bi idge 
which possibly stands between the ani¬ 
mate and the inanimate—^the viruses, on 
to the active constituents of living things 
and finally to the larger molecules resi¬ 
dent in protoplasm 

It 18 fortunate that the papers will be 
published (as a monograph by the Ameri¬ 
can Association for the Advancement of 
Science) so that it m needless to do more 
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than mention the speakers by name B 
G Conklin, Robert Chambers, I W 
Bailey, H S JenniniJ^, Richard Gold¬ 
schmidt, C M Child, R G Harrison, 
C A Kofoid, C B van Niel, W M 
Stanley, H Theorell, P W Went, A 
Szerit-Gyorf?vi, 0 L Sponsler, L V 
Heilbrunn, J. D Bernal 

By still another easy transition the 
meetinpfs, born out of the Stanford Uni¬ 
versity meeting:s of the Pacific Division, 
American Association for the Advance¬ 
ment of Science, passed on into the ses¬ 
sions of the National Colloid Symposium, 
which followed imme<llately after 

One outstandiiifi: result of the sympo¬ 
sium was to leave with all of us a vivid 
impression of the essential unity of the 
sciences It is all too easy for us, when 
surrounded bv increasing? evidence of 
diversification and specialization m re¬ 
search, to mumble the disheartening? and 
misleadinj? phrase, ‘‘more and more 
about less and less Seldom have I 
taken part in a scientific meeting where 
one was made moie acutely aware of the 
striking interdependence of all the 
sciences Biologists, chemists and physi¬ 
cists, speaking the same language, drew 
fully upon the resources of each to gam 
a deeper understanding of the world of 
nature 

From it all T believe that we gamed 
several suggestions of very great value 
that the animate and the inanimate con¬ 
stitute a continuum, that the concept of 
structure, so long applied to the atom, 
to the molecule, to the cell and to the 
organism, ina\ well be extended to the 
society 111 which we are but structural 
units, that w^hether we be molecules or 
men w’e are what we are and we do what 
we do because of two fundamental fac¬ 
tors—our innatx* qualities and our envi¬ 
ronment I w'ould not dare to suggest 
that this exhausts the list of significant 
gleanings, but to me they constitute the 
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most impressive contributions of the 
symposium 

And now to conclude with less tangi¬ 
ble and perhaps rather sentimental con¬ 
siderations Some of us who still like to 
think that we are numbered among the 
younger generation of biologists and bio¬ 
chemists will not soon forget the stimu¬ 
lating contacts and refreshing experi¬ 
ences that were ours as we saw, heard 
and chatted with the distinguished elder 
statesmen of science (younger statesmen 
also) and shared our lot with our many 
countrymen and visitors from abroad 
Unquestionably, this was probably the 
most memorable scientific gathering that 
we have known on the Pacific Coast and 

THE CENTENARY 

On April 25, 1939, the one hundredth 
anniversary of the birth of Thomas 
Jonathan Burr ill was celebrated by the 
University of Illinois, where practically 
his entire professional life was spent 
During his long connection with the uni¬ 
versity, from 1868 to 1912, he served in 
various administrative capacities, pub¬ 
lished the results of numerous researches, 
and earned at times a heavy teaching 
schedule Under him were developed a 
number of students who won recognition 
in various fields of botany, some of whom 
are still active 

Burrill was born in Pittsfield, Massa¬ 
chusetts The family moved to Illinois 
when he was nine years of age He 
helped his father on the farm, attending 
and later teaching school during the win¬ 
ter months, he prepared for college at 
Rockford High School, which he enteiP^d 
at the age of 20, and graduated from the 
State Normal University in 1865 

During the period from 1865 to 1868 
Burrill held the position of superinten¬ 
dent of the Urbana public schools Dur¬ 
ing the summer of 1867 he acted as 
botanist accompanying Major John W 
Powell on his expedition to explore the 


it 18 to be hoped that the bridge now 
reaching to the Atlantic Coast and Eu¬ 
rope will bring to us many fresh contin¬ 
gents of our fellow scientists 

The meetings steadily increased in 
attendance as the week progressed until, 
as the last day was reached, the facilities 
of the large Memorial Theater had to be 
drawn upon The periods of discussion 
which followed the papers were lively 
and vigorous I think they would have 
been a delight to Schleiden and Schwann 
and to the host of others whose contribu¬ 
tions to science constitute the warp and 
the woof of such symposia 

J. Murray Luck 

Stanford University 

OF T. J. BURRILL 

Grand Canyon of the Colorado and sur¬ 
rounding regions In 1868 Burrill was 
called to the Illinois Industrial Univer¬ 
sity and in 1870 was made professor of 
botany and horticulture 

Regarding his activities in the early 
days of his service in this institution, now 
the University of Illinois, a friend is 
quoted as saying 

Ho taught most of the days, was horticulturist 
to the experiment station, planted with his own 
hands or saw to the planting of most of the trees 
on the campus, after he had laid it out for treat¬ 
ment, wrote reports, lectured here and there, 
served on innumerable committees, collected 
specimens up and down the state, and, lost some 
moment of his time should be unoccupied, was 
charged by the board with the sale of mules, 
whose labors on the south farm showed that they 
were not so able to stand the strenuous life as 
he was 

Two notable contributions to the 
teaching of botany are to be definitely 
credited to T J Burrill He was the 
first to teach plant pathology, which he 
took up as part of his course in botany 
as early as 1873, two years before Parlow 
at Harvard, and he was the first in this 
country to use the compound microscope 
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m teaching undergraduate courses in 
botany 

BurriU’s great contribution to science, 
the discovery and demonstration of the 
first bacterial disease of plants, came as 
a result of patient and thorough work on 
what was then a major problem for the 
fruit-growers of his state The “blight’’ 


“minute oscillating particles ’’ The next 
year he reported his success in transmit¬ 
ting the disease by transferring the exu¬ 
date from diseased plants to the bark of 
healthy trees In the report he used, 
though with great caution, the word 
“bacteria,” adding “Does it not seem 
plausible that they cause the subsequent 
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of pears and apples had been the subject 
of much concern and speculation for 
many years In 1878, just ten years 
after his first connection with the univer¬ 
sity, he presented to the state horticul¬ 
tural society a paper reporting his pre- 
limmarjr studies, in which he described 
the organisms seen in the tissues as 


apparent change 1 So far as I know 
the idea is a new one—that bacteria 
cause disease m plants—^though abun¬ 
dantly proved in the case of animals ” 
Further careful work followed, and in 
1882 the bacterial organism was de¬ 
scribed and named In subsequent years 
he worked on several other bacterial dis- 


290 


THE SCIENTIFIC MONTHLY 



FKANKLIN HUMxNKR KARLE 


eases and on various fungous diseases of 
apples, potatoes, corn and other crops 
A oryptogamic flora of Illinois was pro¬ 
jected and two monographs were pub¬ 
lished, one on the rusts and the other on 
the mildews 

It IS fortunate for Burriirs reputation 
that he made this great discovery early 
in his connection with the university, for 
as time went on his energies were in¬ 
creasingly devoted to administrative and 
related duties Of this Edwin P Smith 
said with characteristic emphasis in an 
article published soon after BurrilPs 
death 

In America we have a peculiar way of treating 
all those who ha\e demonstrated the possession 
of research ability of a high order, which may be 
designated us a method of extinction by promo 
tion As soon as n man becomes conspicuous 
through his researches, boards of control find 
other things for him to, do, more in keepmg with 
their ideas of efTiciency and eternal fitness, and 
he ceases to contribute further except perhaps 
very indirectly, to tlio advancement of science 
Professor Bur rill was no exception to this rule 



ARTHUR BURS SEYMOUR 


During the first two decades of his con¬ 
nection with tlie university he made his 
great contributions to the science of plant 
pathology and trained four men who at¬ 
tained places of distinction in the fields 
of ])Iant pathology and mycology, Earle, 
Seymour, Clinton and Waite No at¬ 
tempt to detail the work of Burrill or any 
of the others is made here, since sy mpa- 
thetic biographical sketches* b.v personal 
friends are available for Burrill and 
three of his students Although the 
fourth has been formall.y ‘‘retired’’ since 
1935 there is happily little prospect of his 
becoming the subject of such a sketch for 
many yeais 

F S Earle, who was a student of Bur¬ 
rill’s from 1879 to 1883, was at various 
times connected with the Kentucky, Mis- 

1 Burrill, Phytopathologyf 8. 1-4, Earle, Phy¬ 
topathology, 20 923-929, Seymour, Mycologta, 
26 279-290, Clinton, Phytopathology, 28. 379- 
387, and Mycologta, 30 481-493 
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sibsippi and Alabama Experiment Sta¬ 
tions^ with the United States Department 
of Agriculture and with several institu¬ 
tions m Puerto Rico and Cuba More 
than once he engaged in commercial 
fruit production He is remembered 
both for his contributions to systematic 
mycology and as a leading authoiity on 
the diseases and culture of tropical 
plants 

A B Sevmour, who studied and 
woiked with Bin rill from 1878 to 1883, 
was essentially a mycologist So abun¬ 
dant wore his collections during the 
period of his work in Illinois, and so 
carefully w'ore they preserved that por¬ 
tions of them are still used as ‘‘class 
materiar’ b\ the Botany Department of 
the Uiiiveisity of Illinois The greater 
part of his life, 1883 to 1933, was spent 
in the Fallow Herbaiium at Harvard, 
and his chief monument is the “Host 
Index of the Fungi of North America, “ 
the first ot its kind 

G P (1 niton was at the University 
of Illinois as a student and investigator 
from 1886 to 1900 He followed Sey¬ 
mour to Harvard and in 1902 became 
botanist ot the Connecticut Experiment 
Station, which position he held until his 
letnement in 1937 Most of his scientific 
contributions are contained in the publi¬ 
cations of that station From 1915 to 
1929 he w'as also lecturer an<l associate 
111 the Department of Botany at Yale 
This long residence in New Haven was 
broken by two major scientific assign¬ 
ments, one in Pueito Rico to study dis¬ 
eases of coffee, and one to Japan for the 
collection and study of parasites of the 
gips>-moth 

M B Waite giaduated under Buriill 
m 1887 and spent almost his entire ])ro- 
fessional life with the United States 
Department of Agriculture Here, he 
was for many \ ears in charge of the wwk 
on fruit diseases In 1898 he made one 
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of the great phytopathological discover¬ 
ies of all time, namely, that bacteria 
which cause plant disease may be carried 
by insects. Appropriately enough this 
discovery was made with regard to the 


same disease m connection with which 
Burrill had made his great contribution 
nearly twenty years earlier. 

Neil E Stevens 
Univebsity of Illinois 


THE SEVENTH ASSEMBLY OF THE INTERNATIONAL UNION OF 
GEODESY AND GEOPHYSICS 


One of the most signifilsant scientific 
congresses to be held in this country will 
be the Seventh Assembly of the Inter¬ 
national Union of Geodesy and Geo¬ 
physics to be held in Washington from 
September 4 to 15 Over 500 delegates 
and guests are expected in attendance 
To date delegates will represent 23 coun¬ 
tries and over forty universities, colleges 
and scientific institutions in this country 
The International Union of Geodesy 
and Geophysics is composed of seven 
associations These seven associations 
are concerned with geodesy, seismology, 
meteorology, terrestrial magnetism and 
electricity, physical oceanography, vol¬ 
canology and scientific hydrology Un¬ 
like the usual meetings of technical 
societies, the program of the Interna¬ 
tional Union consists largely of reports 
of commissions, discussion of agenda and 
the adoption of programs of research in 
the various fields of geophysics involving 
international cooperation Many impor¬ 
tant communications of interest to geolo¬ 
gists will be presented, however, and 
significant progress will be reported con¬ 
cerning investigations in the funda¬ 
mental problems of the earth sciences, 
such as those dealing with structure of 
continents and ocean basins, gravity de¬ 
terminations and seismology George 
Washington University will be head¬ 
quarters for the assembly 
While there will be meetings of the 
several associations and commissions on 
Monday, Tuesday and Wednesday, the 
first general assembly, followed by a re¬ 
ception, will be hdd on Wednesday 
evening, September 6, at which the presi¬ 


dent, Dr D la Cour, will deliver an 
address 

A public lecture by Brigadier-Q'^.neral 
II St John L Wmterbotham, general 
secretary of the Union, on ‘‘Round the 
World with Geodesy” will be given on 
the evening of September 8 m the audi¬ 
torium of the Carnegie Institution On 
the evening of September 13 there will 
be a public address m the hall of the 
Department of Commerce by Dr B 
Helland-Hansen, of the Geophysical In¬ 
stitute at Bergen, Norway, on “Prom the 
Mexican Gulf to the Arctic Sea—^the 
Gulf Stream System and Its Signifi¬ 
cance ” 

The final general assembly will be held 
on September 16 in the new hall of 
George Washington University. The 
American Geophysical Union, with the 
cooperation of the National Research 
Council, are the oflScial hosts for the 
Washington Assembly The arrange¬ 
ments for the assembly have been carried 
out through the work of nineteen com¬ 
mittees and subcommittees The chair¬ 
man of the organizing committee is Cap¬ 
tain N H Heck, of the U. S Coast and 
Geodetic Survey 

The meetings of the Union are held at 
three-year intervals, the last meeting 
being ill Edinburgh m 1936 There is 
probably no scientific association that 
covers a wider field of interest than the 
International Union of Geodesy and Geo¬ 
physics Perhaps in no other field are 
the problems of science so dependent 
upon international cooperation as in 
that of geodesy and geophysics 

Hablan T Stetson 
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WILIJAM BOWIE MEDAL OF THE AMERICAN OEOPHYRICAL UNION 

THE WILLIAM BOWIE MEDAL 


The William Bowie Medal, endowed 
bv friends and eoworkeis of Dr William 
Bowie, established by vote of the execu¬ 
tive committee of the American Geo¬ 
physical TTiiion on Maidi 1, 1939, in 
accordance with the deed ol ^itt, is to be 
awarded for distinguished attainment 
and outstanding contribution to the ad¬ 
vancement of cooperative research m 
fundamental geophysics The medal was 
designed by Margaret Fleming Nebeker, 
of San Francisco, and the dies were en¬ 
graved by B Basch, of Washington 
The award of this medal is to be made 
annually or less frequently upon authori¬ 
zation by the executive committee of the 
Union 

Th^ first medal, which was struck off 
by the hydraulic press of the United 
States Bureau of Engraving through the 
courtesy of the director, A W Hall, was 
presented to Dr Bowie at the general 


assembh of the American Geophysical 
Union on April 28, 1939, by President 
Kichaid M Field In his citation Presi¬ 
dent Field said 

It 18 paiticularly fitting? that the first award of 
thi8 medal should he to the man whose name the 
modal bears It is not necessary hero, among 
your intimatt* friends and colleagues in geo 
physics, to lefer specifically to your long list of 
scientific u( complishments and honors But we 
do fool that 111 presenting you with the first im 
print cf thiH mcuial that has been created in your 
name, and that of the organization for which you 
ha\o worked-so long and so lovingly, we are not 
handing you merely a bit of stamped and en- 
giaved metal, but rather a powerful talisman of 
those human forces, afft'ction, esteem and tra 
dition so fuudament.tl to tlie spirit of progress 
It is sineendy hoped that in the years to come 
this medal, through its future awards, will con 
tinue to promote and to recognize that spirit of 
helpfulness and friendliness in unselfish coopera¬ 
tive research winch you have so bountifully dis¬ 
played 
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SPECTROSCOPY IN THE REGION OP RADIO FREQUENCY 


An extension of the field of spectros¬ 
copy down to the region of radio fre- 
quem^r has been developed by a group 
of physicists at Columbia University 
The group consists of Dr J M B Kel¬ 
logg, Dr P Kusch, Dr S Millman, 
Professor I I llabi and Mr Norman P 
Ramsey, Jr, all of Columbia, and Pro¬ 
fessor J R Zacharias, of Hunter College 
This development, which has taken place 
over a period of two years, has reached 
the point where accurate spectroscopy 
can be done on lines the frequency of 
which IS less than a thousandth of the 
natural frequency width of ordinary 
spectral lines. 

This new field of micro-spectroscopy 
can measure energy intervals which are 
of the smallest energy intervals 
measurable by ordinary optical spectros¬ 
copy 

In the new method the effect of the 
radiation is observed not by analysis of 
the radiation but bv obseiwing the effect 
on the atom or molecule This is made 
possible by the use of atomic and molecu¬ 
lar beams A narrow stream of atoms or 
molecules limited by slits 01 mm wide is 
bent first in one direction by means of 
an inhomogeneous magnetic field, and 
later by means of a second such field, 
oppositely directed, is bent back again to 
strike a detector w^hich is capable of 
measuring the number of atoms which 
reach it The second bending will just 
balance the first, provided the atom or 
molecule of the beam is m the same state 
in both fields If, however, in the region 
between the two magnetic fields the atom 
or molecule should undergo a transition 


to a different state, one bending will not 
cancel the other and the beam will miss 
the detector A transition in state can 
be brought about if the atom or molecule 
absorbs or emits energy In these experi¬ 
ments the atoms or molecules are caused 
to absorb energy from, or emit it to, an 
oscillating magnetic field between the 
two inhomogeneous magnetic fields, this 
absorption or emission taking place only 
at very definite frequencies of the alter¬ 
nating field corresponding to frequencies 
of the atomic or molecular systems The 
spectrum “lines’’ correspond to the field 
frequencies which cause the beam to miss 
the detector These frequencies m the 
experiments are in the range of short and 
very short radio frequencies 

If a constant magnetic field is super¬ 
imposed on the oscillating field the Zee- 
man effect of the lines can be studied 
This method has been applied to the 
accurate measurement of the magnetic 
moments of a large numbei of nuclei, in¬ 
cluding the proton and the deuteron, the 
isotopes of lithium, beryllium, the iso¬ 
topes of boron, nitrogen and other nuclei 
These measurements compare in direct¬ 
ness and accuracy with measurements 
that may be made of the magnetic mo¬ 
ment of an ordinary permanent bar 
magnet They arrive at results that lie 
far beyond the reach of ordinary spectro¬ 
scopic methods An important result of 
the experiments with the hydrogen, deu¬ 
terium and hydrogen deuteride molecules 
has been the discoyery that the deuteron 
IS not spherically symmetrical in shape 
but elongated along the spin axis 

I I Rabi 

Columbia University 
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DOES SCIENCE AFFORD A BASIS FOR ETHICS? 

By Dr. EDWIN G CONKLIN 

EMERITUS PROFESSOR OF BIOLOGY, PRINCETON UNIVERSITY 


In attempting to answer the question— 
^‘Does science afford a basis for ethics?’’ 
—^it will be desirable to deal first with 
the theoretical and then with the much 
more serious problem of practical ethics 
Is ethics natural or supernatural %n 
ongint That is the key question. When 
I was a student in college we were taught 
the supernatural origin of man Mind, 
language and especially ethics were gifts 
of God by which man was sharply dis- 
tingtfished from all other animals A 
few years ago the students at Princeton 
University staged a debate between 
myself and a professor of a theological 
seminary on the subject of evolution. It 
was at the time when William Jennings 
Bryan was stirring up the country on the 
dangers of evolution. There was a good 
deal of keen sense on the part of Mr 
Bryan in this, for he recognized that the 
doctrine of human evolution was striking 
right at the traditional view that man was 
above nature, whereas evolution was 
teaching that man was a part of nature, 
and that he had come into existence by 
natural processes 

In this debate which the students had 
staged between me and the theological 
professor, I spoke first on the evidences 
of organic evolution and that of man m 
particular, but when my theological col¬ 
league rose to speak he surprised me and 
the audience by saying that he had no 


objections to offer to my argument; he 
was willing to let the biologists deal with 
the origin of man up to the time when 
man became a free moral agent There, 
in his belief, natural evolution ended and 
supernatural causes entered This is the 
position of many liberal theologians to¬ 
day, but while their recognition of the 
evolution of lower forms of life and of 
the body of man is gratefully acknowl¬ 
edged by the scientists, the final introduc¬ 
tion of the supernatural does not satisfy 
the naturalist To the thorough-going 
scientist ‘‘Nature is everything that is,” 
and the evolutionist finds abundant evi¬ 
dences of the natural origin of mind, 
language and even of ethics Indeed, 
even the supernaturalists in these evil 
days of crises attribute the ethics of some 
modern peoples and nations to the devil 
rather than to God, whereas the natural¬ 
ists, if they are genuine naturalists, 
ascribe both good and bad to nature 
There is positive evidence that in times 
long past there were types of human and 
partly human beings that were more 
brutish in body, mind and social relations 
than the general a\erage of the present 
races There is abundant evidence that 
ethics has undergone evolution no less 
than intelligence It has developed from 
Its beginnings m a primitive family group 
through tribal, racial, national and inter¬ 
national relations, from the ideals and 
practices of savagery to those of barbar- 
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ism and civilization, from the reign of 
vengeance and retribution, as shown in 
the ancient code “an eye for an eye,'' “a 
tooth for a tooth’* and “whosoever shed- 
eth man’s blood by man shall his blood 
be shed ” This was the iron rule of 
retribution Ethics has proceeded from 
this to tliat highest conception of ethics 
embodied in the Golden Rule. But just 
as in physical evolution there arc retarded 
or retrogressive individuals or races, so 
also in the development of ethical ideas 
some people and periods are far behind 
others and all fall short of their highest 
ideals 

In this question of the origin of the 
mental and moral characteristics of man 
it is not necessary to go back into the 
distant past of evolution, for we can see 
in children to-day the development of the 
mind, the acquirement of language and 
the growth of ethical ideals Nowhere in 
this development is there a sudden intro¬ 
duction of supernatural factors If any¬ 
thing in the world is natural, the develop¬ 
ment of the body, mind and morals of a 
child is natural This is not to say that 
we understand all about nature, that 
there are no mysteries involved—indeed 
the more we know of nature, the more 
mysterious it becomes For all science 
knows to the contrary there may be in the 
whole of nature, from sands to stars, from 
germ cells to geniuses, a mental, moral, 
teleological, ethical substratum or medium 
in which all things exist and develop, 
but, if such there be, it also is a part of 
nature and not some foreign supernatural 
interference with the regular processes of 
nature. 

II 

Those who hold that nature can not 
accomplish what we see around us and 
feel within us have too poor an opinion 
of nature They forget or are ignorant 
of the marvels of development They 
contrast the most highly developed type 
of intellect, ethics and human personality 
with the lower forms of life or with in¬ 
animate matter and declare that “never 


the twain shall meet.” Looking at the 
end product of any development it does 
seem incredible that it should issue from 
such simple beginnings, that a beautiful 
flower or butterfly or bird should have 
come from a germ cell If we did not 
know that it is true, it would be in¬ 
credible that a microscopic egg cell 
could develop into an elephant or a man. 
Or, most wonderful of all, that geniuses 
like Socrates, Plato, Aristotle, Newton, 
Darwin, Pasteur, Shakespeare, Goethe, 
Beethoven, were once babies, embryos and 
germ cells and yet no one denies this 
It does seem incredible that reason, emo¬ 
tion, aspiration and ethics should develop 
out of such simple functions and processes 
as sensitivity, reflexes, trial and error, 
and yet these incredible things are actual 
facts that can be verified by any one who 
will take the trouble to investigate them 
Similarly, it seems incredible that all 
the hosts of heaven and the furniture of 
earth should have come into existence by 
a process of natural development or evo¬ 
lution, and yet almost universally scien¬ 
tists hold this view, and more and more 
people accept it The evolution of galax¬ 
ies and stars and solar systems, of the 
earth with its oceans and mountains, 
plains and rivers, of plants and animals 
and man himself, the evolution of all the 
chemical compounds found in nature and 
even the evolution of the chemical ele¬ 
ments arc plainly indicated by all the 
evidences available In short, evolution, 
like individual development, is a univer¬ 
sal law of nature There is no creation 
out of nothing, ex nthtlo mh%l fit 
Everything in the universe comes into 
existence by transformation rather than 
by new formation And yet in this proc¬ 
ess of transformation or evolution new 
properties appear as the result of new 
combinations of the same old elements 
for example, new combinations of pro¬ 
tons and electrons give rise to new atoms; 
new combinations of atoms to new mole¬ 
cules; new combinations of molecules to 
new compounds. In a similar manner in 
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the living world new combinations of 
genes give rise to new chromosomes, and 
new chromosomes give rise to new types 
of organisms, so that we have this pro¬ 
duction of newness by the simple process 
of new combinations—what has fre¬ 
quently been called creative synthesis or 
creative evolution, or, more recently, 
‘^emergence ** In the development of a 
universe, no less than of a man, new forms 
and functions appear as a result of these 
new combinations 

Psychical development begins with dif¬ 
ferential sensitivity or the ability to 
respond differently to stimuli of different 
quality or degree For example, suppose 
one takes a single-celled protozoan, like a 
paraniecium, and performs the simple 
experiment that is often used to show 
students the behavior of such an organ¬ 
ism Some of these protozoa are put m a 
trough of water, one end of which is 
cooled by ice, the other heated by a flame, 
in a short time they are all gathered in 
the middle region As one watches an 
individual he finds that as it gets to the 
hot end it slows up, pretty soon stops 
and backs, and finally turns around by a 
series of movements and goes in the other 
direction until it gets to a region which, 
we will say, is uncomfortable (I don't 
know why we should deny that feeling to 
the paramecium), when it backs again, 
and so it keeps going back and forth, 
avoiding extremes of heat and cold and 
keeping in a middle region which is com¬ 
fortable 

Plants do similar things If a germi¬ 
nating bean seed, is pinned on to a cork 
sheet which is held in a vertical position 
and kept wet by water, the shoot starts to 
grow up and the root to grow down 
Then if the sheet is rotated through 90 to 
180 degrees the shoot will continue to 
turn up and the root down until it will 
wind up into a spiral like a watch spring 
These parts of plants are doing what the 
animals do, they are responding differ¬ 
ently to different kinds of stimuli or to 
the same stimulus when it is in different 


degrees, and they are responding in gen¬ 
erally beneficial ways, they are moving 
in ways that are satisfactory and avoiding 
those that are unsatisfactory 

Now such behavior is fundamental in 
all living things They follow or grow 
toward the satisfactory and avoid the un¬ 
satisfactory Here are the beginnings, 
the very elements of the psychic life and 
it is evidently based upon the ability to 
distinguish or differentiate between that 
which IS satisfactory and that which is 
not, and to follow after the one and avoid 
the other And this very fact, this very 
principle of distinguishing or differen¬ 
tiating and choosing or following is the 
basis of wisdom in men as well as in ani¬ 
mals and plants There is indeed a wis¬ 
dom of animals and plants that is based 
upon the same fundamental principles as 
IS the wisdom of human beings 

In the psychic development of higher 
animals and man differential sensitivity 
gives rise to the special senses Tropisms 
or reflexes, which are fixed methods of 
response to stimuli, are linked together 
into instincts Conditioned responses 
that are often repeated become habits 
Effects of responses that are stored in the 
protoplasm are known as protoplasmic or 
organic memory, such as are seen in the 
training of muscles and nerves in learn¬ 
ing to walk or talk or play games When 
one protoplasmic memory comes to be 
often associated with another and differ¬ 
ent one we have associative memory Any 
animal that can learn anything, as for 
example the association of the sound of a 
bell witli the presence of food, has asso¬ 
ciative memory. Such memory is found 
only in animals with a nervous system 
Each of these steps in psychic develop¬ 
ment IS an “emert^ence" to a new and 
higher level, and each new level makes 
possible further development to still 
higher levels 

III 

With increasing complexity of stimuli 
and responses, behavior becomes less 
rigidly fixed and is more variable. Every 
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biologist who has tried to demonstrate to 
a class what should happen under certain 
conditions is sometimes much disturbed 
because it doesn’t happen Animals do 
not always behave as they ‘‘ought” to 
behave Their behavior shows some 
variability or modifiability, and is not 
fixed Recently the physicists have been 
telling us that even in physics things are 
not rigidly fixed Charles Darwin, of 
Cambridge, physicist and grandson of 
the great evolutionist, said in his vicc- 
presidential address before the British 
Association,^ that there is a certain fuzzi¬ 
ness about all phenomena in nature— 
things are not absolutely clear-cut and 
sharp, but there is a certain variability 
Now this IS e3pecially true of living 
things, and this brings m the possibility 
of modifying beliavior Instead of re¬ 
sponding to stimuli in a purely mechan¬ 
istic way, organisms seem to have a cer¬ 
tain amount of freedom, which may be 
due to conflicting stimuli or internal 
states or previous experience 

I can make this plain by telling the 
story of a bullfrog which we kept in 
our laboratory for several years When 
we first brought him in he was fright¬ 
ened whenever any one came near his 
aquarium, and he would go off in a dark 
corner and hide By gentle treatment 
and by holding up buzzing flies on for¬ 
ceps, we could induce him to come for¬ 
ward and grab the fly, after which he 
would go back once more We could 
actually see in the behavior of this frog 
the balancing of opposing stimuli The 
stimulus of hunger led him to come for¬ 
ward, fear would cause him to retreat 
Finally when ho found no harm in com¬ 
ing forward he would come to the front 
of the aquarium whenever any one came 
near He had learned to control his fear, 
and there had ceased to be any inhibition 
in his responses to the stimulus of hunger 

In this way a certain amount of free- 

1 C G Darwin, ^ * Logic and Probability in 
Physics, ^' Nature, Vol 142, August 27, 1938 


dom comes about, and freedom is invari¬ 
ably measured by the extent to which 
remembered experience influences be¬ 
havior Remembered experience is what 
we call intelligence or, rather, intelli¬ 
gence is this capacity of profiting by 
remembering experiences. Reasoning is 
only intelligence of a higher sort, where 
we deal with things in general rather than 
with specific instances Let me illustrate 
this distinction between intelligence and 
reason On the farm where I was brought 
up we used to have a horse that had 
learned the trick of opening a gate He 
knew just how to do that, he didn’t make 
any mistakes once he had learned He 
was just as intelligent as I was m opening 
that gate He had learned by experience 
to lift tlie latch and let himself out But 
when we put another kind of a fastener 
on the gate, he was lost he couldn’t re¬ 
flect as a man could, “Now this after all 
IS a mechanism for fastening the gate 
and it must have certain qualities similar 
to the old latch that I am acquainted 
with ” lie could not do that, he had to 
learn it all anew He was not able to 
generalize Reasoning is the power of 
generalizing, of comparing things and 
seeing certain resemblances that are fun¬ 
damental, and ruling out those things 
that are accidental Reasoning develops 
in the life of the human individual from 
these simple beginnings 

Of course, there are many other 
things that go into physical and psychical 
development, such as food, vitamins, hor¬ 
mones, etc In the construction of any 
building there must be materials such as 
bricks and mortar Likewise, in the 
building of the body and mind there have 
to be carbohydrates, fats, proteins, en¬ 
zymes, hormones and vitamins, and they 
play a very important part, but they are 
only the bricks and mortar that are used 
by the particular forms of protoplasms 
and cells that are building the body and 
all its functions by the process of differ¬ 
entiation and development 
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IV 

In general, development is a gradual 
process, but we recognize that there are 
stages when it passes from a lower level 
to a higher level by the process of emer¬ 
gence Finally, the highest level of 
human development is attained when pur¬ 
pose and freedom, joined to social emo¬ 
tions, training and habits, shape behavior 
not only for personal but also for social 
satisfactions, for society no less than the 
individual is seeking satisfactions, and 
when all these things combine, we have 
what we call ethics, or the science of right 
conduct Thus ethics is born and man 
becomes a free moral agent—not abso¬ 
lutely free, of course, nor absolutely 
moral, but an agent of limited capacity 
and responsibility, who has developed 
under natural laws from a condition 
which IS neither free nor moral nor 
responsible 

Since ethics depends upon training and 
habits as well as upon heredity and devel¬ 
opment, its approved codes vary from 
time to time and among different peoples 
and races Wliat is regarded as a high 
type of ethics in one race or age is wholly 
condemned in another And in general 
there has been throughout the course of 
human history an evolution of ethics from 
relatively simple and crude and local 
types to more complex and refined and 
universal ones 

Here, in brief, is what may be called 
the scientific idea of the origin of man— 
of his body, mind and morals—and it is 
in sharp contrast to the traditional view 
of the supernatural origin of all these 
Many persons, even many scientists, have 
assumed that since all this development 
IS the result of natural processes it has 
degraded man, debased reason, destroyed 
freedom, debunked ethics, and last of all, 
eliminated God In his condemnation of 
evolution old Thomas Carlyle said. 
have known three generations of Darwins, 
atheists all It is interesting that ho 
knew Erasmus Darwin, the grandfather 
of Charles Darwin, Robert Darwin, the 


father, and finally, Charles Darwin him¬ 
self, the great evolutionist If you will 
read the “Origin of Species’’ by Charles 
Darwin, you will see that in the last para¬ 
graph of that book he says, “There is 
grandeur in this view of life, with its 
several powers, having been originally 
breathed by the Creator into a few forms 
or into one ” I merely bring that out to 
show that after all Charles Darwin wasn’t 
necessarily an atheist, in spite of Thomas 
Carlyle, who continued ‘ ‘ Ah ^ it is a sad 
and teriible thing to sec a whole geneia- 
tion of men and women wandering about 
in a purblind way and finding no God 
in this universe And this is what we 
have got, all things from frog spawn, the 
gospel of dirt the order of the day ” 
Carlyle didn’t know much about frog 
spawn and the wonders of de\eIopment 
Apparently he didn’t realize that the 
greatest human geniuses have developed 
from germ cells Evolution is no more 
atheistic than individual development, 
and certainly neither of these has de¬ 
stroyed human freedom, responsibility 
nor ethics 

Darwinism, which is the doctrine of 
natural selection, or the survival of the 
fit, has been supposed by many people to 
be adverse to ethics Bernard Shaw said 
that if Darwinism were true, only fools 
and knaves could bear to live The sur¬ 
vival of the fit and the elimination of the 
unfit meant to him, as it meant to 
Nietzche, Bernhard i and militarists in 
general, the survival of the strong, the 
ruthless, the people that are feared 
rather than loved, and conversely, the 
elimination of the meek, sympathetic and 
peace-loving But this is a total miscon¬ 
ception of Darwinism. Darwin was too 
wise a man to lend his support to any 
such extension of his principle to the 
social and moral fields He knew, of 
course, that there are many kinds of 
fitness in human beings There is not 
only the fitness of physical strength to be 
considered but also the fitness of mind 
and of moral and social conditions, and 
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Darwin said it is altogether wrong to 
attempt to force upon moral and social 
conditions the same standards that apply 
to physical conditions Physically, the 
fittest are those that arc most capable of 
living and leaving offspring Sometimes 
they are strong and ferocious and some¬ 
times they are mere parasites Mentally, 
the fittest are the most rational, socially, 
the fittest are the most ethical To mea¬ 
sure social relations or ethics by mere 
brute force and strength is to miss the 
whole fact that man has. had a three-fold 
evolution There has been an evolution of 
his body, an evolution of his mind and an 
evolution of society and his social rela¬ 
tions ; and while those principles are 
always balanced one against another and 
sometimes are apparently in conflict, 
nevertheless they do generally cooperate 
and bring about important advances 
along the whole line We can’t possibly 
subscribe to any doctrine that would 
merely bring about physical development 
of a human being and at the same time 
subordinate his intellectual or destroy his 
social development 

In conclusion, evolution does not de¬ 
stroy the dignity of man Hls real dig¬ 
nity does not depend upon the method of 
his origin, it does not depend upon the 
fact that he was once a germ cell and 
then an embryo and then an infant It 
depends upon what he is capable of 
becoming, the possibilities of his develop¬ 
ment There is where the real dignity 
of man is found This is what makes 
him more dignified than the dog or the 
horse or the plant, he is capable of going 
farther in his development than these 
other living creatures 

Likewise, the importance of ethics is 
not to be measured by its humble begin¬ 
nings nor by its present defects but by 
its possible developments and its influence 
upon human w^elfarc In all men, fun¬ 
damental ideals of right conduct are much 
the same, but in practice these ideals are 
too narrowly limited For example, the 
ideals of right conduct toward indi¬ 


viduals who are closest to one, e.g , toward 
one’s children, are very much the same 
with all peoples of all races Among some 
savage tribes there is no ethics or altruism 
that extends outside of the tribe* every 
tribe for itself and the devil take the 
others Their altruism does not go 
further than that As one goes up 
through higher and higher social grades 
one finds that altruism reaches farther 
and takes in more people, until with 
some persons it includes the whole hu¬ 
man race We feel sympathy for the 
people who are suffering in Europe and 
China We feel resentment toward those 
who are making them suffer, because they 
are dealing with ethics in a small and 
local way instead of the larger and more 
general way toward which evolution is 
leading 

Science then affords a sound basis for 
ethics in spite of the fact that it is re¬ 
garded as natural rather than supernat¬ 
ural m origin and development It ac¬ 
counts for the fact that codes of ethics 
differ greatly among different peoples 
and m different stages of culture, which 
would be difiBcult to explain on any other 
basis than that of evolution With in¬ 
creasing knowledge of nature and man 
many codes have been shown to be unrea¬ 
sonable and unethical, and science has 
helped to replace these by more rational 
and humane ones Science is knowledge 
of nature and of man, and ethics is neces¬ 
sarily dependent on such knowledge, it is 
therefore impossible to divorce ethics 
from science But science did not create 
nature or man or ethics and can not be 
held responsible for their imperfections 
It IS as absurd to attribute human greed, 
aggression, hate and war to science as it 
would be to hold it responsible for hurri¬ 
canes and earthquakes and pestilences 
It IS because science regards ethics as a 
natural phenomenon that it can hope to 
determine the cause of unethical behavior 
and thus attempt to improve ethics by 
controlling those causes This is the way 
in which progress has been made in the 
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control of bodily diseases and there is 
every reason to believe that it will be 
equally effective in controlling social 
disorders 

V 

When we come to consider practical 
ethics, we enter a veritable jungle of 
thoughts, opinions and beliefs, not 
founded upon real scientific and verifiable 
knowledge but upon the whole range 
of human emotions Following the ex¬ 
ample of the present alphabetical prac¬ 
tice in which initial letters are used 
instead of entire names, Henshaw Ward 
has called such thoughts, opinions and 
beliefs “Thobs 

Practical ethics applies to every social 
relation from the sexual relations of men 
and women and the relations of parents 
and children to those between employers 
and employees, between capital and labor, 
between producers and consumers, be¬ 
tween individuals and society, between 
classes and races and nations In all 
these relations there is ever present the 
selfish tendency to limit altruism to 
select or special groups and to regard all 
others as outside bounds There are pro¬ 
fessional and business codes, agricultural 
and industrial codes, union and non¬ 
union codes, and even bootlegger’s and 
racketeer’s codes Some of these are 
more generous than others in their treat¬ 
ment of those outside their particular 
group or class, but even the best of them, 
such as those established by the medical 
and legal professions, have been charged 
recently with disregard of public interest 

Among nations and rd(*es this selfish 
tendency to take unfair advantage of 
others is wide-spread and generates the 
principal crises and tragedies of history 
Its most flagrant expressions of greed, 
aggression and war are eloquently de¬ 
nounced by many isolationists and super- 
patriots whose mottoes are, ‘‘Ouraelves 
alone” or ”My country, right or wrong,” 
and whose ethics is essentially as selfish, 
narrow and ungenerous as that of the 
nations they condemn 


The faults and failures of present social 
relations are almost universally recog¬ 
nized Revolutionists would 

Shatter this sorry scheme of things to bits 

And mould it nearer to the heart’s desire 

But generally the way of evolution rather 
than that of revolution is the way of 
progress Conflict-s between democracy 
and autocracy, between anarchism and 
absolutism, between communism and 
fascism are conflicts of ideals in attaining 
the good society, and as such are ethical 
in aim, however mistaken they may be in 
jiraetice It may seem inciedible that 
hate, intolerance, murder, war should be 
employed to promote ethics, but the con¬ 
testants always proclaim, and probably 
sincerely, their high ethical ideals They 
always claim to have truth, right, justice, 
even God, on their side, although they 
may employ the most inhuman methods 
m attaining their aims 

Practical ethics is thus a jungle of con¬ 
flicting emotions, ideals, practices, usually 
founded upon “Thobs” rather than upon 
established facts In an attempt to 
break paths through this jungle, innumer¬ 
able ethical codes have been set up which 
are almost as varied as human relations 
themselves To promote justice and har¬ 
mony among all these conflicting groups, 
governments arc established among men 
and general codes are laid down in the 
form of la\\s Our laws are codes of 
ethics They are administered by courts 
of justice, which also deal with codes of 
ethics—all in the interest of better social 
relations But outside these major and 
minor paths through the jungle there are 
multitudes of peisonal relations which are 
not touched by codes or laws Probably 
no cause of social discord is cipial to that 
of differing standards of ethics Viola¬ 
tions of our personal ideals of honor and 
right conduct create resentment and 
anger Ethics or its violations fill our 
newspapers, occupy our legislatures and 
courts, concern our churches, distract our 
homes It was Matthew Arnold, I think, 
who said ”Conduct is two thirds of life.” 
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It is even more than that, it is almost all 
of social life 

Probably the most important ethical 
and relif^ious code m history is the Deca¬ 
logue of Moses, which was summarized by 
Jesus in the two great commandments, 
“Thou shalt love the Lord thy God with 
all thy heart, soul, and mind, and thy 
neighbor as thyself “ If for the person 
of Deity there be substituted the qualities 
of Deity, namely, truth, justice, mercy, 
love, these are the commands of science 
as well as of religion Likewise, the 
Golden Rule is the simplest and at the 
same time the most universally prac¬ 
ticable rule of ethics ever proposed 
“Whatsoever >e would that men should 
do to you, do ye even so to them “ 

But organized religion, which should 
be and often is the most important school 
of ethics, has had, nevertheless, a bad 
record in provoking strife and war and 
in glorifying cruel and bloody practices 
Primitive religions have probably been 
the most unethical of human institutions 
as measured by present-day standards 
Their horrible practices of mutilation, 
torture and sacrifices to demon gods, or 
of throwing children to crocodiles or tear¬ 
ing out the throbbing hearts of human 
sacrificial victims were once considered 
supremely religious and ethical From 
such conceptions to those of the founders 
of the great religions of the present world 
IS a long road, but it is distressing to re¬ 
member the massacres and religious wars 
of so-called Christian nations, the torture 
chambers of the Inquisition with their 
thumbscrews, racks and wheels for dis¬ 
jointing bodies and all the instruments of 
torture that holy inquisitors could devise 
to save the souls of poor sinners 

Prom our more enlightened standpoint 
we regard such horrible practices as re¬ 
volting or insane and in general we can 
thank increasing knowledge of nature 
and of man for any progress that has 
been made toward their eradication But 
a candid examination of the ethics of 
thousands of people in what we call 


highly civilized nations leaves little 
ground for pride and satisfaction A 
vast deal of superstition still survives 
In certain great centers of population 
human beings of various colors are wor¬ 
shiped as gods, in others they attain only 
the rank of demi-gods In certain great 
nations science and truth are subordi¬ 
nated to political ideologies with as much 
ferocity as was ever shown toward here¬ 
tics by the church Human sacrifices un¬ 
paralleled in the past history of mankind 
are still made on the altars of patriotism 
Thousands of innocent non-combatants 
are blown to fragments or crushed and 
mangled in the rums of their homes by 
bombs dropped from airplanes 

Man> persons are saying in these evil 
days that science has made possible the 
horrors of modern war and the question 
IS seriously asked by thousands of people 
whether the invention of high explosives, 
poison gases, submarines and airplanes 
has not been a curse rather than a bless- 
mg Instruments of aggressive war may 
alivays be considered curses, but the sci¬ 
entific discoveries which made these pos¬ 
sible are usually blessings In spite of 
the fact that its gifts and benefits have 
been abused by unethical men it is 
strictly true that science has made pos¬ 
sible a “more abundant life^’ than man¬ 
kind has ever known before, it has in¬ 
creased and improved our food, clothing 
and shelter, it has promoted health, long 
life and general welfare Whether sci¬ 
ence has actually increased human happi¬ 
ness depends largely upon the capacity of 
individuals for happiness, for as Burns so 
truly said, 

If happmesM have not her seat and center in the 
breast 

We may bo rich or proud or great but never can 
bo blest 

It is often said by critics of science that 
it has contributed only to the means of 
living and not to the ends and values of 
life But who in his senses will deny that 
a primary end of life is to live, and who 
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will deny that freedom from epidemics, 
improved health and expectancy of life, 
increased means of comfort, leisure and 
enjo 3 anent are not values Most of all 
when we consider the decline of supersti¬ 
tions, such as witchcraft and demoniacal 
possession, and the growth of a sense of 
reality and natural law do we realize the 
fundamental contributions of science to 
practical ethics 

But how cold and distant from the 
present crisis of civilization all this dis¬ 
cussion of the basis of ethics seems ’ The 
imminence of another world war with the 
mass murder of thousands if not millions 
of victims and with the destruction of the 
fairest products of civilization calls for 
something more than a scientific or philo¬ 
sophic discussion of ethics What if any¬ 
thing can be done to ward off this terrible 
catastrophe? The very fact that it is 
recognized by the common people of all 
nations as a terrible ordeal is one of the 
most hopeful indications Science has 
helped to make w^ar so terrible that sane 
people everywhere fear and shun it It 
has made war so costly that the convic¬ 


tion IS wide-spread that a general war can 
never again be profitable More indi¬ 
rectly science can investigate the causes 
of wars and show how these can be re¬ 
moved, for wdis and social disorders in 
general can be cured only as bodily dis¬ 
eases are, by controlling their causes 
But the main hope for human peace 
and progress lies in the cultivation of the 
habits that make for peace and progress, 
especially in the leaders of the nations 
If these leaders dreaded war as much as 
most of the common people do there 
would be no more wars If the spirit of 
reciprocity were more wide-spread all 
forms of social (*onflicts would be lessened 
Biologically life is maintained by con¬ 
tinual balance, cooperation, compromise, 
and the same piinciples apply to the life 
of society There can be no final solution 
of these problems which threaten the very 
existence of civilization except through 
the cultivation of a wider and more gen¬ 
erous form of ethi(*s This will be no 
short and easy task, but in the coopera¬ 
tion of science, education and religion 
there is hope for the future 
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In the past the extraordinary success 
in liberating man from the pestilential 
diseases has been achieved largely in the 
field of environmental sanitation No 
great change has been required in man’s 
personal habits. The engineer has pro¬ 
vided him with safe water The human 
race has been saved from plague by pro¬ 
tection against rat fleas Typhoid fever 
and cholera have also been controlled by 
environmental means Smallpox and 
diphtheria have been made puny enemies 
by vaccination, and malaria and yellow 
fever can be prevented by community 
effort Great as these victories have been, 
the knowledge for far greater conquests is 
already available The application, how¬ 
ever, depends upon personal effort, and 
the question is, can this be brought about 
on a suflSciently large scale to equal or ex¬ 
cel former achievements T History shows 
that at best progress may be slow In 
the past advance has been comparatively 
rapid because, broadly speaking, we have 
been dealing with things rather than with 
people. To induce man to change his 
personal habits requires extraordinary 
effort, either educational or compulsory, 
and compulsion docs not achieve good 
results in modern democracies, as was 
well illustrated in our national prohibi¬ 
tion law This means that we must place 
our mam reliance upon education, which 
IS a slow process beset with many diffi¬ 
culties But before stressing the difficul¬ 
ties m protecting mankind against suf¬ 
fering and untimely death, let us examine 

1 Maiben Lecture, American Association for 
the Advancement of Science, Milwaukee, June 
21, 1939 


the evidence upon which the optimism 
for further progress is based That food 
has been associated with man’s well-being 
goes far back into history Tales of gout 
and rich living abound in popular litera¬ 
ture The little boy’s belly-ache and 
green apples is an old story A number 
of the religions, with their hundreds of 
millions of followers, proscribe many 
foods The Hindus and the Seventh 
Day Adventists are vegetarians Pork is 
forbidden to the Mohammedan and the 
Hebrew The good Catholic eats no meat 
on Friday All this indicates a belief 
that human well-being can be promoted 
through dietary restrictions It was not, 
however, until our generation that scien¬ 
tific information became available, show¬ 
ing that definite changes can be brought 
about in the tissues of the body, many of 
which give rise to signs and symptoms 
that we have long recognized as disease 
entities, as, for instance, beriberi and 
sprue 

Eijkman in Java in the early nineties 
produced polyneuritis in chickens. Funk, 
working m England a little later, ascer¬ 
tained that definite pathological states 
resulted when certain substances were 
missing from the diet The latter he 
called vitamins Since then progress has 
been rapid The steps leading to the dis¬ 
covery of the connection of polished rice 
with beriberi are as fascinating as a good 
detective story. Eijkman learned that 
polishmg off the outer coat of rice before 
feeding it to chickens caused polyneuiitis, 
but he was unable to isolate the specific 
substance m the polishings The discov¬ 
ery of the true cause of beriberi came 
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with the opening of the huge rubber 
plantations in the Straits Settlements 
and the Federated Malay States Chinese 
and Indian laborers were imported and 
promptly developed beriberi, thus threat¬ 
ening the entire industry. Two British 
scientists, Fraser and Stanton, attacked 
the problem with laboratory methods 
Entirely unaware of Eijkman’s work, 
they arrived at the conclusion that beri¬ 
beri was due to a food deficiency; that 
IS, to the absence of certain chemical con¬ 
stituents necessary to the nourishment of 
the human body They ascertained that 
the essential factors were contained m the 
outer layers of the rice gram, but they 
also were unable to isolate the specific 
substance However, they soon learned 
that if nee were polished or ground so 
that it contained less than four tenths of 
one per cent of phosphorus pentoxide, 
such rice would cause beriberi, thus estab¬ 
lishing a standard for safe and unsafe 
rice Tests were made with chickens, and 
then on inmates of the insane asylum at 
Kuala Lumpur The results m man and 
in chickens were the same; those who ate 
polished rice came down with beriberi or 
polyneuritis, and those fed only on unpol¬ 
ished rice remained healthy They then 
tried a further experiment A railway 
was being built in Malaya, and some 300 
of the workers joined in the test Half 
were put upon a diet of unpolished rice 
and the other half on polished rice, the 
latter group came down with beriberi; 
then clothing was exchanged, beds and 
quarters occupied by the sick were occu¬ 
pied by the well, but those on unpolished 
nee apparently could not be contami¬ 
nated, while those on polished rice re¬ 
mained sick even after they had been put 
into clean quaiters The diet was then 
reversed, and gradually the sick became 
well and the well became sick 
Beriberi, like malaria, is largely a man¬ 
made disease and has caused extraordi¬ 


nary havoc among the rice-eating peoples 
of the Par East It is conservatively 
estimated that in the Orient there are 
at least a million constantly ill with beri¬ 
beri, and that 100,000 or more die from 
this disease annually The numbers are 
probably very much larger because of the 
intimate relationship of beriberi to infant 
mortality Until modern man invented a 
power rice-polishmg machine beriberi was 
comparatively rare because the effort was 
too great to polish rice by hand 

During my early period as director of 
health for the Philippine Islands we had 
about 1,000 deaths a year from beriberi 
among persons who were subsisted by the 
government, that is, among prisoners, in¬ 
sane, sailors, lighthouse keepers, etc We 
tried every imaginable treatment, but 
with very little success As soon as 
Fraser and Stanton announced their dis¬ 
covery It was immediately tried on a small 
scale in the Philippines The outcome 
was so promising that the governor-gen¬ 
eral issued an executive order requiring 
the use of unpolished rice in all govern¬ 
ment institutions The effect was magi¬ 
cal In a few weeks no new cases 
appeared and those not seriously ill began 
to recover As long as this executive 
order was enforced there were no further 
cases, and the rate of 1,000 deaths a year 
dropped to zero Similar steps were 
taken with the diet of the Scouts, who 
were a part of the United States Army in 
the Philippines, and a similar result fol¬ 
lowed The same action was taken with 
the Javanese Army and in the jails of 
Hongkong, and beriberi quickly disap¬ 
peared The health officer for Shanghai 
held doggedly to the infection theory and 
continued the diet of white nee and dis¬ 
infecting the jails, and beriberi persisted 
as of old 

Notwithstanding the tremendous edu¬ 
cational effort that was made to bring the 
truth home to the Filipinos that beriberi 
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was due to a dietary deficiency, and not¬ 
withstanding that this educational efiPort 
has now extended well over twenty-five 
years, there has been small reduction in 
the number of beriberi cases among the 
general population This makes concrete 
evidence of the difiiculty of applying 
proved knowledge when the effort inter¬ 
feres with the personal habits of indi¬ 
viduals Man IS often ruled by emotion, 
and he is frequently most illogical m his 
likes and dislikes 

The Philippines probably had one of 
the highest infant mortality rates of any 
country in the world, it often reached 500 
per thousand The attention of Allan J 
McLaughlin and Vernon Andrews was 
attracted to the unusually large number 
of infant deaths ascribed to bronchitis, 
pneumonia, heart disease and an illness 
among children locally known as ‘‘taon 
Through a series of autopsies they estab¬ 
lished that the principal cause was beri¬ 
beri, and this m turn occurred most 
frequently among breastfed infants In¬ 
vestigation of the diet of the mothers 
showed that they lived largely on polished 
nee and dried fish As educational efforts 
had largely failed to induce the general 
population, and especially the mothers, to 
use impolishcd rice or add accessory food 
substances to their diet in order to make 
up for the deficiency m the nee, Vedder 
and Chamberlain, two Array officers serv¬ 
ing on the United States Army Tropical 
Disease Board in the Philippines, con¬ 
ceived the idea of making an extract of 
the rice polishings and feeding this to 
children of mothers who were obviously 
not properly fed Their resolve was 
strengthened by observing that fighting 
roosters fed on rice polishings (or tique 
tique) grew strong and robust In many 
cases the result again was almost magical 
A child who had been irritable and fret¬ 
ful, crying much of the time and not 
gaming weight, almost within twenty- 


four hours after the administration of 
this nee extract would fall into a quiet 
sleep, rapidly gam weight and soon be¬ 
come normal The Philippine Govern¬ 
ment spent huge sums m making this rice 
extract available, and the remedy was no 
doubt an important factor m reducing 
infant mortality But if the people could 
only have been induced to employ pre¬ 
vention instead of cure, how much better 
the results would have been! 

The ease of beriberi is thus stated in 
more or less detail m order to show the 
extreme difficulty m bringing about the 
application of a discovery that requires 
a change in food customs We cannot 
comfort ourselves with the thought that 
tins only occurs among the illiterate 
hordes of the Orient Knowledge such as 
this IS available for the prevention of 
many of the diseases from which we suffer 
m enlightened countries like the United 
States and Europe 

We are having a similar experience m 
this country with pellagi’a Prom 3,000 
to 5,000 deaths occur in our own South 
every year, and thousands upon thou¬ 
sands are made ill with this disease It 
has been conclusively demonstrated that 
pellagra belongs to the deficiency group 
and occurs most frequently among those 
whose staple articles of diet are hominy, 
pork and molasses These food sub¬ 
stances do not contain the necessary in¬ 
gredients to keep the body in health It 
has been shown that those who have a 
vegetable garden and use the produce 
regularly never suffer from pellagra 
Notwithstanding the extraordinary edu¬ 
cational effort that has been made to bring 
these simple truths home to people of our 
South, pellagra still occurs in discourag- 
mgly large numbers 

The foregoing shows the tremendous 
importance of food m the causation of 
several diseases in the field of internal 
medicine I wish now to adduce evidence 
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that great opportunities also beckon m 
the field of surgery, and that the possi¬ 
bilities for prevention are as great as 
those in the sphere of the internist 
Sir Robert McCarrison established in 
India a thoroughly healthy rat colony. 
The animals were regularly exposed to 
sunshine, cages were sterilized with creo- 
sol solution, the animal room had tiled 
floors, and the walls were frequently 
whitewashed In a room that had over 
500 rats the casual visitor was unaware 
of their presence through the sense of 
smell Under these conditions McCarri- 
son kept over a thousand stock albino 
rats The pairs were kept in roomy, 
netted-wire cages, screened and straw- 
filled, in which they found peace and the 
necessary comfort for fruitful breeding 
As a rule, five or six littei*s were taken 
from each pair The older animals were 
thinned out at the age of two years, which 
is a life span corresponding approxi¬ 
mately to 40 to 50 years in man The 
average number of a litter was eight, 
although twelve to fifteen were common 
The mothers invariably reared all their 
young The stock rats were fed a diet 
similar to that eaten by certain peoples 
of Northern India, among whom are some 
of the finest physical specimens of man¬ 
kind The diet consisted of whole-wheat 
flour, unleavened bread lightly smeared 
with fresh butter, sprouted Bengal gram 
(legume), fresh raw carrots and cabbage 
ad libitum, unboiled whole milk, a small 
ration of raw meat with bones once a 
week, and an abundance of water Dur¬ 
ing two and a quarter years there was no 
illness among these rats, no deaths from 
natural causes occurred in the adult stock, 
and there was no infant mortality Mc- 
Carrison made autopsies in 1,189 of these 
rats, which ranged from infancy to two 
years The only disease discovered was 
an occasional cyst in the liver containing 
tapeworm larvae. This infection proba¬ 


bly came through nibbling the straw 
bedding Both clinically and at post¬ 
mortem examination the stock was shown 
to be remarkably free from disease In a 
control group of a similar number the 
same scrupulous cleanliness was main¬ 
tained The animals were exposed to the 
sun^s rays, they lived m separate cages 
the same way as the controls in each 
experiment, they differed from the other 
animals solely in their food Here again 
effort was made to feed them the diet of 
the people of India, among whom disease 
was very prevalent and defo(*tive stature 
was common Of these improperly fed 
rats, 2,243 were exammed at post-mortem 
The following is a list of the lesions 
found 

Chest pneumonia, bronchiectasis, pyothorax, 
pleurisy and haemothorax 
Bar otitis media (this very common) 

None sinusitis 

Upper respiratory pasmges adenoid growths 
Bye corneal ulceration, keratomalacia, panoph¬ 
thalmitis 

Gastro Ditestinal dilated stomach, gastric ulcer, 
epithelial now growths of the stomach, gastric 
cancer (two cases), duodenitis 
Urinary tract pyonephrosis, hydronephrosis, 
pyelitis, renal calculus, ureteral calculus, di¬ 
lated unters, vesical calculus 
SJctn loss of hair, dermatitis, gangrene of feet 
and tails 

Blood pernicious type of anemia 
Lymph and other gland h submaxillary cysts, 
enlarged and often abscessed inguinal glands, 
mesenteric and bronchial glands 
Endocrine system lymphadenoid goiter, en¬ 
larged adrenal glands, atrophy of the thymus 
Nerves polyneuritis 

Heart atrophy, myocarditis, pericarditis, hydro- 
poricardium 

Teeth mal occlusion and a largo percentage of 
decay 

The ill-balaneed diet associated with 
these diseases consisted mostly of cereal 
grains, vegetable fats, with little or no 
milk or butter or fr» aYi vegetables This 
diet was not expected to produce diseases 
of the bones and teeth. The exposure of 
the animals to sunlight probably compen- 
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sated for any lack of vitamin D m the 
diet. It will be noted that the foregoing 
list contains many diseases that are of 
interest to the surgeon—sinusitis, adenoid 
growths, otitis media, gastroduodenal 
ulcers, gynecological ailments, certain 
tj^es of goiter and urinary calculi 
As there were no adenoids among the 
control group, it is a fair assumption that 
in the other group they were due to faulty 
feeding, especially as a duplication of 
the experiment with vitamin A deficiency 
diet produced similar results. In McCar- 
rison’s rats these growths were observed 
mostly in the trachea lie assumes that 
adenoids would also have been found if 
he had continued his serial sections into 
the nasal passages Otitis media was 
present in seventy of the defectively fed 
rats Ponfick reported that in 100 autop¬ 
sies of English children under four he 
found 91 per cent had evidence of middle 
ear disease and in only 10 per cent was 
the condition recognized during life. 

In the rat experiment just cited a num¬ 
ber of cases of gastric and duodenal ulcers 
occurred There is further confirmation 
that they were directly associated with 
deficient diet It has long been known 
that gastric and duodenal ulcers pre¬ 
vailed extensively among the inhabitants 
of South India and particularly in Trav- 
ancore and in Madras. With the hope 
of throwing light on the etiology, a group 
of albino rats was fed on a typical Trav- 
ancore diet, which consists largely of 
tapioca root, nee, a little fish, red pepper 
and rice water In the adjacent province 
of Madras, gastric and duodenal ulcers 
are also common Accordingly another 
group of rats was fed upon typical 
Madrassi diet, which consists of rice, red 
pepper, tamarind, a little fish and congee 
or rice water In both groups the food 
was prepared the same as the human 
food In the Travancore group 27 7 per 
cent developed gastric ulcers and in the 


Madras group 111 per cent. These fig¬ 
ures are said to compare with the relative 
incidence of gastric and duodenal ulcers 
m the general population. No ulcers in 
the intestinal tract occurred in the control 
group of rats fed on balanced diet. 

In the gynecological field, research 
holds forth promising possibilities The 
rats on the one diet had no gynecological 
pathology Many of the rats on the sec¬ 
ond diet had inflammation of the uterus, 
ovaritis, death of the fetus in utero, pre¬ 
mature birth—^in brief, the conditions 
found were the result of keratinization of 
epithelial cells, which follows the use of 
vitamin A deficiency dieta 

McCarrison produced lymphadenoid 
goiter under experimental conditions, 
lie also found that the administration of 
iodine to rats fed on diets deficient m 
fat-soluble vitamins may cause goiter 
His investigations in Switzerland led him 
to suspect that while no doubt a large 
percentage of the goiters in that country 
were due to the use of iodine deficient 
snow-water, yet there were many other 
goiters that apparently had a different 
etiology To test his hypothesis he used 
a group of rabbits as experimental ani¬ 
mals Their cages were not cleaned, and 
gradually a foot or more of the droppings 
accumulated on the floor Upon this he 
sprinkled water and caught the filtrate 
This substance he called noxa, for want 
of a better name, and fed it to the rats, 
and a considerable percentage of them 
developed goiter 

Another significant experience has been 
recorded in connection with stone in the 
bladder Estimates based on hospital 
statistics show that the incidence of stone 
in some of the northern provinces of India 
IS at least 438 per hundred thousand; 
conservative estimates place the incidence 
very much higher The first stones pro¬ 
duced m white rats by diet were observed 
by McCarrison incidental to an experi- 
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ment to learn the effect of an iodine-poor 
diet upon the thyroid The diet consisted 
of oatmeal 53 parts, linseed oil 20 parts, 
corn flour 25 parts, calcium phosphate one 
part, and distilled water ad libitum 
After 157 days, among 120 experimental 
rats, stone occurred in 17} per cent. In 
a subsequent experiment the oatmeal was 
replaced with whole wheat and the inci¬ 
dence rose to 22 per cent As lime was 
added to the diet the incidence rose still 
higher. No case of stone occurred in the 
control group of rats When two thirds 
of an ounce of whole milk was added daily 
to the deficient diets no stone occurred in 
any of the rats Butter and cod-livcr oil 
had a like effect The vegetable oils did 
not prevent stone The incidence of stone 
in rats can also be reduced, if a defective 
diet IS rich in lime, by adding sufficient 
sodium phosphate to form with the excess 
lime insoluble calcium phosphate An 
analysis of 226 human urinary calculi 
showed that over two thirds of them were 
either urate-oxylate or urate-oxylate- 
phosphate Pure uric acid stones oc¬ 
curred in 6 per cent of the cases The 
stones experimentally produced in rats 
were of four kinds ammonium-magne¬ 
sium phosphate, calcium carbonate, cal¬ 
cium hydroxide and a mixture of the last 
two By alternately withholding and 
then adding vitamin A, the chemical com¬ 
position and stratification of the stones in 
rats were identical with those occurring 
in cattle under natural conditions Mc- 
Carrison showed me a number of cattle 
stones from which it was quite easy to 
divide up the year into rainy and dry 
seasons by studying the stratification 
While in Japan a few years ago I found 
Professor Saiki, director of the Imperial 
Government Institute for Nutrition, in 
the midst of an experiment in connection 
with the healing of appendix operation 
wounds He obtained permission to pre¬ 
scribe the diet of hospital appendix cases 


after they had been operated upon The 
data indicated that with certain changes 
in the diet, and particularly by regulating 
the ingestion of vitamin A, he could ac¬ 
celerate the hcdling or piolong it almost 
mdefin Itely Saiki's assistant, Pujimaki, 
produced gastric ulcers in rats with de¬ 
fective diet, and if this was sufficiently 
prolonged tlie ulcers became malignant 
Fujirnaki also produced gall, kidney and 
urinary bladder stones m rats fed on 
defective diets 

One of the most striking experiences in 
visiting McCarrisonS laboratories was to 
see his post-mortem specimens of the 
stomach and intestines of monkeys and 
rats that had been fed on defective diet 
These organs were thin and translucent, 
the stomach was dilated, and many loops 
of the intestines were ballooned There 
had obviously been structural changes 
in the tissues In surgical clinics I 
have seen resections of such loops How 
futile this appears in the light of this 
newer knowledge Ulcerative colitis was 
also very common in these animal speci¬ 
mens. This condition is frequently ob¬ 
served among the residents of Madras 
who live on diet that was found deficient 
for rats Keratomalacia was also fre¬ 
quent among these people In brief, there 
IS much evidence to show that diets defi¬ 
cient in vitamin A cause changes in the 
epithelial cells, which in turn are unable 
to resist bacterial invasion and many 
pathological conditions occur with wdnch 
w^e are familiar McCarrison has shown, 
and with much confiimation by Lloyd 
Arnold and his coworkers, that bacterial 
invasion may follow chemical and physi- 
(al changes in the intestinal tract, that 
if rats are fed on vitamin A deficient 
diets and are then artificially infected 
with paratyphoid oi 'T^anisms, they usually 
die from the resultant infection Among 
those that live the paratyphoid infection 
may persist in the lymph glands for con- 
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siderable periods after the general infec¬ 
tion has been overcome It also seemed 
probable that chronic enlargement of 
lymph glands in childhood may be due 
to infection of one kmd or another that 
entered through defective fences brought 
about by deficient diet 
On an occasion such as this I am of 
course unable to give more than a few ex¬ 
amples of those who have contributed so 
much in the field of nutritional research 
The foregoing evidence shows the close 
association between the importance of 
diet in the preservation of healthy cells 
and tissues with consequent normal func¬ 
tion The rat experiment by McCarrison 
demonstrated that no disease whatever 
appeared among rats correctly fed, and 
that apparently many of the usual dis¬ 
eases that are encountered in a doctor’s 
oflSce or hospital clinic could be induced 
in healthy rats by improper feeding 
There is, however, an additional factor 
which has been much neglected in the 
application of nutrition studies to man 
The right balance of constituents in his 
diet are most important, but it is also 
important that the digestive tract shall 


be m a healthy condition if the diet is to 
produce disease-free, sound bodies. All 
too often it happens that man’s digestive 
apparatus has been so deranged by years 
of wrong eating that even a correct diet 
IS incapable of restoring him to normal 
It IS therefore essential that the intestinal 
tract be put into good condition, as well 
as to have the correct diet There is also 
an economic aspect Correct eating in¬ 
volves a much lower outlay for food than 
the customary menus If a diet is cor¬ 
rectly balanced a smaller quantity of food 
will suffice This is of course obvious 
For instance, if we poured an excess of 
lubricating oil into a motor, it would not 
cause the engine to function any better. 
All too often we eat far too much of a 
substance that is not needed, and still 
suffer from hunger if a needed substance 
IS not present in sufficient quantity. 
There is every reason to believe, then, that 
the nation that can regulate its food con¬ 
sumption in accordance with scientific 
principles may not only produce a larger 
pen»entagc of sound healthy people, but 
at a cost infinitely less, and by inference 
become the leader of the world 
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When a new utility is iii course of 
development patterns and desig:ns for it 
are niimeious and often fantastic, but 
if it IS likely to be permanent its form 
is likel> to be stabilized Thus, when the 
staj?e-coaeh jrave place to the railroad car 
the latter underw^ent steady improvement 
in desijrn but eventually took on a form 
that, in the main, was pfenerally adopted 
throujrhout the world So, wnth vehicles 
‘renerally accordinj? to the particular kind 
of transportation for which they w^ere 
intended Such is the common experience 
in Qvery order of industrial development 
It IS not a matter of fashion, for fashions 
are adopted with a full expectation that 
they will not last lon|?, whereas utilities 
lcK)k to permanency It is when a new’ 
mode of action is discovered, openinfi: up 
new fields of operation, that invention is 
active and fancies are fanciful, as in the 
automobile, yet even this last has become 
fairly comeiitionalized in foim 

The same applies to the pro}?ressive 
development of timepieces Not only as 
whole classes of objects arc clocks and 
w’atciies of interest to collectors, indi¬ 
vidual features are distinctive enoufrh to 
make a jriound for a special collection, 
and of these features by no means the 
least iiiterestiiifi: are the dials, w’hich may 
be further specialized with reference to 
size, shape, color, artistic quality, material 
of construction and to the numerals on 
them These last offer an inexhaustible 
variety in size, form and position, but 
when studied in detail they can be classi¬ 
fied to some deffree In the progress of 
the timepiece, from the massive tower 
clock to the omnipresent wrist w^atch, be¬ 
sides the general form its component 
parts also were variously modified, and 
the face of the clock, like that of a human 
being, now' conforms in general to a 


standard pattern but is infinitely varied 
in its separate features When a style 
has become established the designer who 
follow's it IS safe, but the moment he 
departs from convention he risks criti¬ 
cism and ridicule In a period of change 
fancies run amuck, and when he yields 
to the dcsiie for novelty the results are 
sometimes ludicrous 

ALPiiAHETir Numerals 

A country that has a language and 
literature of its own usually has its own 
foim for the letters of its alphabet and 
for its numerals Most of the civilized 
peoples have now adopted the Homan 
foim for text material, and Roman or 
Arabic for numbers, but not all, and with 
some the substitulion of Roman for native 
01 other earlier characters is compara¬ 
tively recent In others both the native 
and the foreign are used, the German and 
the English are examples both employ 
the Roman but the former also retain 
then German type and for special pur¬ 
poses English peoples sometimes use the 
Old hlnglish or Black Letter The Ger¬ 
man and the Old English are monkish 
modifications of the Roman and are des¬ 
ignated as “Gothic'’ though they are 
not like the Gothic font of type used in 
pi lilting A national change in such 
usage touches the daily life of a people 
so (‘loselv that it can not be dissocuated 
from the progress in the growth and 
development of the nation itself, it has, 
therefore, a wider significance than ap¬ 
pears at first sight—a sociological sig¬ 
nificance 

A change of that kind, though not so 
comprehensive, was effected in Japan in 
1873 w'hen the Western mode of daily 
time reckoning and time keeping dis¬ 
placed the system that had prevailed there 
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FIG. 1. WATCHES WITH ALPHABETIC NUMERALS IN DIFFERENT LANGUAGES 

TOP LEFT GOTHIC OB OLD ENGLISH, RIGHT TURKISH, BOTTOM* LEFT HEBREW, BIGHT SYRIAN. 
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for many centuries and the style of 
clocks that had operated according to that 
system for three hundred years was dis¬ 
carded 

In 1931 Turkey abandoned its old form 
of alphabet and numerals. On January 1 
of that year the President, Mustafa 
iCemal, abolished throughout Turkey the 
use of the Arabic alphabet in whose 
characters for words and sentences as 
also for numbers Turkish literature and 
documents had been recorded and printed, 
and substituted the Roman chaiacters 
for it 

In 1792 the French revolutionists at¬ 
tempted to reform their calendar by 
dividing the months, weeks, days and 
hours decimally, which necessitated a 
change in the numbers on their timepieces 
This effort was only partially successful, 
after a precarious existence of only four¬ 
teen years the calendar of the ievolution 
was abolished and the old one restored 
by Napoleon in 1806 Watches with dials 
numbered to conform to th(* calendar of 
the Republic were no longiT of any use, 
their manufacture ceased, and few are 
now to be found An example is shown 
111 Fig 12 (top, right) 

To abolish at a single stroke the form 
of the alphabet, to alter the form, the 
names, the number of characters in which 
the literature and the records of a people 
are to be written or punted, to introduce 
into the schools new forms and to ex¬ 
clude the older ones that may have served 
for many generations, such a change can 
not but affect seriously a people’s habits 
of living and even of thinking 

Many eenturie^s ago the •Japanese 
adopted the Chinese system of time reck¬ 
oning, in which the periods from sunrise 
to sunset and from sunset to the follow¬ 
ing sunrise were each divided into six 
equal parts or hours Thus their entire 
day from midnight to midnight or from 
noon to noon was twelve hours In 1605, 
the Dutch obtained official license from 
the Shogun to trade with the Japanese 
and began to cultivate commerce with 


them In doing this they brought to 
Japan their clocks with movement con¬ 
trolled by the foliot, and dial divided 
into twelve or twenty-four parts and 
numbered accordingly The Japanese 
succeeded in adapting this form of clock 



no 2 LARLY JAPANESE CLOCK WITH CIRCULAR 
DIAL 

to their division of the day, but they 
numbered the hours in two sets of six 
each They employed only six numerals 
which they counted backw’ards, one, two 
and three were sacred numbers and must 
not be profaned by common use on clocks, 
so their dial numerals beginning, say, at 
midnight with 9 were 9, 8, 7, 6 (at sun¬ 
rise) , 5, 4, 9 (at noon); and repeating 
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FIO .3 CLOt K DIAL WITH ROMAN NUMERALS 
RADIAL 

the numbers in the same order to 9 again 
at midnight Circular dials were used 
on floor or shelf clocks and straight ver¬ 
tical duds for pillar or hang-up clocks 
Fig 2 shows one trom the earlv seven¬ 
teenth century, with circular dial 

The hours vere named as well as num¬ 
bered, but >\hile the same numerals were 
used for the six night hours as for the 
day hours, they weie named differently, 
the entire set being 


Isainc 

Houi 

Time 

Rat 

0 

Midnight 

Ox 

8 


Tiger 

7 


Ha IP 

L 

Sum ise 

ill agon 

3 


Snake 

4 


Horse 

1) 

N oon 

Sheep 

8 


Monkcv 

7 


Oock 

a 

Sunset 

Dog 

5 


Hoai 

1 


Rat 

0 

Midnight 


The characters as well as the names for 
the symbols on the dial are Chinese In 
the illustration the inner circle gives the 
hours, the outer one the signs of the 
zodiac 


Clocks of this kind are now, however, 
as unfamiliar to Japanese natives as they 
are to Americans 

The characters on an engraved metal 
dial are cut out to a slight depth and the 
incision is filled with wax, which is 
usually black but may be of any desired 
color The late James Arthur, after ex¬ 
perimenting with various designs, chose 
a thill, broad metal iing wuth a rather 
large open cential circle This ring plate 
was marked with Koman numerals placed 
radially, and instead of being w^axed or 
painted they w’ere wholly cut out The 
ring wuis then secured upon a metal base 
plate that was uniformly dead black 
The effect was good An example of his 
owui design and constiuction is showui 
m Fig J lie desciibed this clock as 
“having 12 inch dial of aluminum, the 
hour numerals being cut through These 
numerals are radial as shown by the inner 
ends being nanowTr than the outer, are 
less 111 height than one quarter the dial 
radius and members have semicncular 
(lids This design makes them clean cut 
and distinct, leaving more clear space on 
the dial These heavy (iothic numerals 
(‘chapters’) with the spade hour hand 
and the plain minute pointer make a dial 
which can be read at a great distance and 
is my favorite design Compare this wuth 
the usual method of making the numerals 
one-third ladius of dial and the hour 
hand long enough to entangle them ” 
This mention of one third the radius as 
the “usuar’ length of the numeial is so 
casual as to give us to understand that it 
was a standard size generally approved 
and adopted It w^as followed more 
closely on early clocks than on those of 
to-day 

Arabic numerals have been used in an 
erect or a radial position indifferently, 
Roman seldom erect, somehow, their 
rectilineal form seems to suggest natur¬ 
ally a radial position, they are rarely 
vertical, yet the erect position confers 
upon the face of the clock or the watch a 
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dij?nity that is laekin^ in the radial 
Pipf 12 (bottom, left) is an example 

The Wearer of a Watcui Seldom 

ArQUAINTED WITH [tS DiAL 

As the iiiimeials are ostensibly the 
clue to the hour, minute and seeond tieked 
off by the eloek or the A\ateh it ^\onld 
naturally hi* inferred that the user of it 
would be familiar Mith those on his <mn 
watch, but actually, in readinji: the time 
one g:ives little attention to the numerals 
—how little may be feathered from an 
amnsinp: experiment When he has looked 


the figfure for the hour six is right side 
up or ni\er1ed he is tempted to make a 
decision, only to find that his dial has no 
’-ix, as it has been cut aw^ay by the circle 
for th'* stsonds liainD Othei changes 
may be iiing on the same bell 

Nlmlrals are Sometimes Omitted 

In view of such expeiiences figuies on 
a dial \.ould seem superfluous This is 
not so with a piece that is neai enough 
to come directly under the eye of the 
obseivei , it is moit* nearly the case with 
one that is at a considerable distance or at 



FUl 4 RE('EMT small ELK(T1U(^ (TAX’KS 

(a) WITIlOl T Nl MfcKALS, (h) IV FOR FOUR 


at his w^atch (perhaps foi the hundredth 
time that day) and has put it out of sight, 
it IS an old trick to ask him A>hether the 
numerals on the dial are Roman or Ara¬ 
bic He doesirt know Under the stimu¬ 
lus of a subconscious memoiy he ha/anis 
a guess and he may sometimes be light, 
but wuth the even chance of guessing 
right oi wTong combined with the fact 
that his memory may be playing him 
false, he is more likely to be w long and the 
laugh is on him, to his chagrin and the 
amusement of those around him Before 
he looks again at the watch if he is asked 
whether the numerals are erect in position 
or radial, he is in the same fog as before, 
pressed more particularly as to whether 


a gieat height, as in a tall towei, and ac- 
eordingh it is pnm ipall> in monumental 
clocks that the numerals have been dis¬ 
pensed with Among notable examples 
aic the clock on the Citv Hall in Phil¬ 
adelphia, installed in 18*19, that ol Col¬ 
gate and (\)mpanv in Jersev Citv, 11)24, 
the famous clock on the Houses of Pailia- 
ment, London, 1804-59, and that of the 
Siemens-Halske Ele( meal Woiks, Berlin, 
c 1925 These arc too recent to be con¬ 
sidered antique Latterly the popular 
desire for novelty has led clockmaking 
companies to use patterns that were 
formeily disappioved, and within the last 
few^ years they have produced many small 
electric clocks with no numer*als on the 
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FIO 5 DIAL OISFIQUHKD BY RESTORER 


dials In abandoning numerals the posi¬ 
tion of the hands was determined by lines, 
or a circle of dots, or perhaps (not to 
Ignore ornament altogether), a ring of 
stars One is shown in Fig 4((i) If 
this IS only a passing phase of fickle 
public taste, merely a fad, it doesn’t mat¬ 
ter for these clocks are not made for long 
continued service They are not costly 
and, like the dollar watch, when one 
gets out of order it is cheaper to get a new 
one than to have the other one repaired, 
and besides that, the oftener the style 
changes the better business for the manu¬ 
facturer, clocks that have broken down 
can not be brought into service again as 
profitably as used cars 

Distinctness the F^iw^t Essential 

The function of the dial marking is to 
facilitate reading of the hour, minute, and 
sometimes second, so that the reader may 
catch it at a glance and he that runs may 
read To accomplish that the prime req¬ 
uisite IS distinctness Any elaboration 
that interferes with this or with ease 
of read^ig is out of place, and to secure 
this ease and certainty size, shape and 


position of numerals are factors to be 
taken into account The earliest clocks 
had no dials at all, the hours were an¬ 
nounced by strokes on a bell with ham¬ 
mers wielded by some person or by auto¬ 
matic manikins facetiously termed 
‘‘Jacks 

With the steady improvement in the 
time-keeping quality of clocks and 
watches the limitations of design grew 
more definite and more severe The 
earliest pieces were poor timekeepers 
Their users recognized that fact and be¬ 
cause of it they felt free to lavish orna¬ 
ment upon their clocks, since it did not 
seriously impair their utility. In the 
seventeenth and eighteenth centuries this 
tendency was carried to extremes—hands 
were a complicated filagree and numerals 
as dubious as monograms But this was 
gradually changed and to-day the utili¬ 
tarian character of the timepiece far ex¬ 
ceeds the ornamental, so the hands and 
the numerals have been brought to the 

1 The name originated in France about 1400 
or soon after, although the earliest automata 
for the purpose were probably used on an 
Italian clock as Ccirly as 1351 Before that 
time clepsydras (water clocks) were the best 
timekeepers available For these a man was 
kept on duty to strike the hours by hand with a 
hammer, and this practice was followed some 
times with the earliest wheel clocks, but it was 
not long before figurines were < onstructed to do 
the striking automatically The earliest record 
m regard to this tells of a locksmith of Lisle 
named .Tnquemart who was paid in 1422 for his 
services in connection with the celebrated clock 
of Dipn (1380), where the city authorities em 
ployed him to strike the hours Familiar allu¬ 
sions to his performance soon abbreviated his 
name to “.Taque ** It hit the popular fancy so 
well that it was rapidly adopted throughout 
Europe for the automatic figure that took the 
place of the human one In the same familiar 
way he was called * * J ack ’ * in England, ^ ‘Jean ^ * 
in Flanders, *<Hans'^ in German countries 
‘‘The addition of quarters to the striking 
tram,’’ say the authors of *‘Lo Monde des 
Automates,” (Chapuis et Gelis), ”led to an 
increase in the number of automatic strikers and 
soon Jaquemart was to be seen reenforced by 
his entire family his wife struck the half hour, 
hi8 daughter the first quarter, and his son the 
third ” Wood, in ” Curiosities of Clocks and 
Watches,” says the name was used in a con- 
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utmost plainness—a straight pointer for 
the minutes and a spade or spear head for 
the hours 

In watches the most effective means to 
make the marking clear was the introduc¬ 
tion of the enamel dial in 1635 to re¬ 
place the previous metal dial On high- 
grade clocks and watches, especially those 
by French clockmakers, frequently the 
numerals weie inscribed on porcelain or 
enamel plaques that were set in panels 
around the dial ring This began about 
1700 and was popular during the eigh¬ 
teenth century, after which time the metal 
dial gradually gave way to the enamel 
and IS seldom seen nowadays Fig 12 
(center), however, shows a fine watch of 
French or Swiss manufacture, stem wind, 
late nineteenth century, in which the 
numerals are silver on small circles ot 
blue enamel, set in a white enamel dial 

Disfigurement Often Due to Restorer 

When the making of clocks and watches 
was still a handicraft there were mas- 


tomptuuiis way, but that inuHt have beta oiil> 
in England Ilia citationa are all from English 
writers, on the Continent the tone was one of 
pleasant indiilgonee These Jacks were alw.ne 
humorous, good natured fellows Their livel} 
exproHHion seemed to be a reaction against llu 
somber mood of the Middle Ages with its niiruvle 
plajs and monastic asceticism, and a relief from 
the mol toes that enshrouded in a monotone of 
gloom the face of sun dials in common use at 
that time The spirit of the age that was grow 
mg more luminous began to ferment in the 
bourgeoisie before it showed itself in Ro}alt-> 
or in couit circles Nor was the Renaissance 
limited to liteiature and the due arts vuUuh mt 
xmUx animt, and the Jacks were the instiunion 
tality by which the face of the dock expressed 
tho rebirth of cheerfulness m humanity No 
plainer parallel between the animate and the 
inanimate can be found than between huraaiiitv 
and timepieces When * * Hickory, dickory dock ^ * 
originated is not known, but its connection of 
mice and men is an everlasting allegory of the 
sympathetic relation bctwa»eii man and tho clock 
Peter Bells are numerous, to many people a clock 
18 just another clock—another ‘ ‘ primrose by the 
river brim * ^—yet it has always been the 
announcer of occasions joyful or solemn, and 
a companion of lonely hours 



(a) (ft) 

Flo 6 DIALS WITH BALANCED AND UNBALANCED 
NIIMIRALS 


ters of designing as well as of construct¬ 
ing who produced cases of high artistic 
merit Then, as now, such beautiful 
work came often into contrast with other 
that was at best commonplace and some¬ 
times WHS astonishingly ugly in design 
and of bungling workmanship This oc- 
eiiried most often when an incompetent 
workman iindeitook to repaii a piece that 
was worn or had been injured It would 
be hard to find a more unpleasing dial 
than that of Fig 12 (bottom, right) The 
watch IS French or Swiss, dating from 



riG 7 RECAINTEI) DIAL OF AN EARLY FIFTEENTH 
C FNTURY CLOCK. 
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about ITfjO The mak'u* is unknown, and 
it was probably fortunate* for Ins reputa¬ 
tion that he did not inscribe his name 



no D DUTCH HOOD fLO(K, ABOUT 1690 


upon his work, but it is to his ciedit that 
he should have pei petrated such a mon- 
stiosity anonymously rather than mutate 
the woik of some well-known aitist 

Oiijrinals suffered most at the hands of 
It panels Fip: o shows the upiiei pait 
of a case that encloses a clock l\\ Nicholas 
Massy, a French Huf^uenot clockmaker of 
p)od standing:, who mififialed tioin l^lois 
to London c 1680 The clock is of a 
lnp:h order of workmansinp The case, 
of wood, IS ecclesiastic in desijrn and may 
be ot the same dale as the movement—i c , 
1680-1600, but is probabl;^ somewhat 
later The present dial boaid shown in 
the 6j?ure is a jrood illustration of the 
clumsy treatment w'e have mentioned It 
IS especially noticeable in the iiumeials 
The orifrinal may possibly ha\e been 
marked wnth IV for four, but theie is no 
excuse for placing: V (five) as here shown 

Why Ill! Instlad of IV for Fouri^ 

A feature in the dial maikiii^ that has 
often aroused comment is the use of III I 
instead of IV for four The latter is 
undoubtedly the proper form in Roman 
notation, but the former is so jreneral on 
clock and watch dials that IV looks odd 
Tw'o explanations of this sinjrular altera¬ 
tion of the numeral aie current the first, 
a story ingenious and apt enough to be 
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plausible thouj?h probably only a story, 
and the second, an attempt at a rational 
explanation on the {ground of j»ood taste 
We j?ive both 

(1) When Henri de Vic had about 
completed his famous clock for the Royal 
palace of Kinp: Charles V at Pans, 1870, 
he submitted to His Majesty a desi{?n of 
the dial for his approval It \Nas marked 
with IV The knif? objected 1o that, pre¬ 
ferred nil, de Vic defended IV as the 
correct Roman form for four The king: 
testily rejilied that that made no differ¬ 
ence , he WHuild not have it, w as he not 
^‘(/harles the Wise^^? Who was to jrain- 
sav him? So IIll it became, and IIII it 
has been ever since 

(2) Many early clockmak(‘rs as w'ell as 
later ones possess(»d both inventive talent 
and artistic sense They weie not slow 
to perceive that the ring: of numeials 
witli IITI presented a bettr r balance than 
one with IV—so much better as to win 
g:erier*al sustained prefeienee 

() show^s the tw^o side by side 
The letteis used are I, V and X In the 
popular dial, Fig: b(a), I dominates in 
the first four numbers, V in the next foiii 
and X in the lemaining: four In (6), I is 
most prominent in only thiee numerals, V 
111 the next five and X in the remaining: 
foul , the numbering: is not svmmetiical, 
and (tf) has proved more geneially ac¬ 
ceptable It is interesting: to note, how'- 
evei, that in the multi])licity of clocks 
now produced daily there is the utmost 
variety in desig:n of dials, inclndnig: a 
reversion to forms once rejected Fig: 
4(/i) shows one recentIj adopted by the 
General Electric Company toi some of 
their small domestic clocks, with IV for 
four While IV is very unusual on small 
dials, it was by no means so uiicommoii 
on tow^er clocks The comprehensive 
ti’catise “Les Horolof^es Astronomiques 
et Monunientales, ” by Albert lingerer 
(Strasbourg), show^s numerous examples 

The clock of which the dial is shown 
in Fig 7 IS remarkable in many ways 


The coloiing and marking aie dim from 
age, but after cleaning a correct copy was 
diawu and freshly colored and the illus- 
tiatiou is from this copy The black dots 
wdiich aie here made heavy for emphasis 
are faint on the original, but they are 
quite distinct and their meaning is plain 
When an eatl> restorer (more of a 
bungler than an aitist) undeitook to re¬ 
paint and iinpiove the appearance of 
the clock face which had become faded 
he had first to lernove all traces of the 
original and was obliged to mark the 
po'«*ition of the numerals This he did by 
indenting the plate with a lound-end 
punch The indentations would not show 
when again painted ovei Ajiait from 
the name “de Vic*' insciibed on the dial, 
which it would be difficult to substantiate, 
theie is good evidence that the clock 
dates from ver\ earlv in the fiiteeiith cen¬ 
tury, and the dial is numbered in a w^ay 
to indicate that de Vk \ contemporai les 
or immediate successors were by no means 
unanimous in accepting the dictum of 



FIG 10 DIAL BY DANIFL BURNAP FOE EARLY ELI 
TERRY CLOCK (.ORRKCTU) FOR PARAiaiFLlSM 
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FIG 11 DIAL OP SCOTTISH CI^OCK, ABOUT 1700 

NOT fORKK('TED FOR PARALLEUSH. 
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King Charles V in respect to the numeral 
four. 

The clock as it stands, a rare example of 
serendipity, is a mine of information; sel¬ 
dom does a single antique specimen tell 
so much of a story or tell its story so 
clearly. The sturdy monitor of the pass¬ 
ing hours had kept faithfully at his job 
for generations after his maker had 
passed away, but from time to time he 
showed that the years were taking toll of 
him, pivots wore small and had to be 
repolished, and holes wore large and had 
to be bushed, painting became dingy and 
had to be freshened; but the stout iron 
mechanism needed no renewal, and to-day 
the clock ticks on just as it did five hun¬ 
dred years ago In repainting the dial 
as described above the artist(?) had m 
mind the clock as it had by that time 
grown to be, four was always II11, so 
far as he knew, and so he painted it here, 
although the dots sho^^ unmistakably 
that the original was AI So, too, ab¬ 
surdly he painted two hands upon the 
dial, although the old servant had always 
done his best with only one Why any 
hand should have been painted on the 
dial IS a mystery, since the hand is no 
part of the dial and is never attached to 
It 

Optical Illusions 

In one especial respect a dial with 
Roman numerals is deceptive The eye 
does not see it as it really is, even when it 
IS plainly in view, its appearance is an 
optical illusion Among familiar pecu¬ 
liarities of vision that include such 
illusions the most common are those that 
come from the position of simple lines, 
straight or curved Relative position is 
responsible for apparent distortions or 
misconceptions How often does one, in 
looking at himself in a plane mirror, 
realize that the right eye in his face is 
the left eye in the image, and that all the 
features are similarly perverted ? Some¬ 
thing more than a mere say-so—nothing 


less than actual measurement with ruler 
and scale—is needed to convince an ob¬ 
server that the three horizontal lines in 
Pig 8(a) are of the same length, or that 
the heavy vertical lines in (6) are straight 
and parallel 

A similar illusion appears oftentimes 
on a clock dial When we spoke of the 
position of the lines as erect or radial, 
by radial we meant directed m the mam 
toward the center but not ne(*essarily 
directly toward the central point al¬ 
though sometimes, if the numerals are 
short, the latter plan is adopted as in 
Pig 3 The marking is intended to 
give the effect either of parallelism or of 
actually converging upon the center, i e , 
actually radial, generally the lines arc 
meant to look parallel When they do so 
the apparent parallelism is itself an 
illusion If a rectangular outline stands 
upon a small circle and is circumscribed 
by another circle that is necessarily larger 
the figure will look larger at the base 
than at the top It is most plain with the 
the four I^s To look just as wide at the 
top as at the foot the group of lines must 
actually be somewhat narrower at the 
foot, those containing X as well as those 
wnth the II, III and IIII This fact was 
realized by early dial-makers, some of 
w^hom shaped their numerals to accord 
with it When an unskilled “restorer’^ 
attempts to repaint or replace an early 
dial he is apt to overlook this detail— 
most probably is unaware of it In some 
instances the designeis over-corrected the 
fault This seems to be the case in the 
nil, VIII and XII on the Dutch hood 
clock, Pig 9, where the members of the 
numerals are evidently convergent though 
not so much so as to meet at the center, 
but it IS a question whether the tapering 
of the groups hcie was not intentional, the 
designer anticipating the preference ex¬ 
pressed by Mr Arthur in connection with 
Pig 3 but not carrying it so far 

American dial-makers were not as care¬ 
ful to observe this correction as the Euro- 
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FIG. 12 WATCJHES WITH NUMEKALS VARIOUSLY PLAGKP 

TOP LEFT, MARINE WATCH, MODERN RIGHT, WATCH OF FRENCH REPUBLIC, C 1790 CFNTFR 
NUMERALS ON ENAMFL PLAQUES, MODERN BUT IN XVIII CENTURY STYLE BOTTOM LEFT, ROMAN 
NUMERALS ERECT, 1798 RIGHT, NUMERALS IN BAD TASTE, C 1750 
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peaii Daniel Burnap, one of the best 
American early cloekmakers, heeded this 
correction both in clocks of his own con¬ 
struction and in dials which he enjrraved 
for early long-case clocks made by Eli 
Terry In the Scottish dial shown m 
Fig 11 the spacing and widths are equal, 
the members are parallel, and the re¬ 
sulting distortion, especially in the IIII, 
IS plain It IS about the only defect in 
this beautifully conceived and skilfully 
executed piece of work C^impariiig Figs 
10 and 11, in the former the members of 
the numerals are actually convei gent in- 
i\ard but arc apparently parallel, in the 
latter they are parallel but apparently 
divergent inward 

With Arabic numerals the conditions 
are diffeient, except in the 11, and there 
it IS of little consequence 

Cescinsky and Webster, in English 
Domestic Flocks,^’ giv(‘ illustration cov¬ 
ering the period from 1618 to 1850, of 
more than two hundred and fifty clocks, 


large and small, with Roman numerals, 
which all used Till, none IV, about one in 
ten corrected for parallelism, in many 
the wider foot of the numeral was so 
plainly apparent that correction w^ould 
have been an improvement In just one, 
dated 1790^-1795, tlie Us were radial, as 
in the James Arthur dial, Fig 3 

Fig 12 show^s a group of watches with 
numerals variously placed On the ship\s 
watch (top, left), the outer circle indi¬ 
cates the “bells'' by which the duties of 
the crew are regulated, one bell for every 
half hour, there is also a circle of minutes, 
by tens, and the heavy figures in the 
hoi izontal and vertical row^s give the 
hours 111 succession when the single hand 
(‘losses them At the top, right, is the 
watch intioduced by the French Republic 
in 1792, with day and hour divided 
decimally, as already described, the num¬ 
erals on the watches in the (center), (bot¬ 
tom, left), and (bottom, right), also have 
been explained in preceding text 
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THE PAN AMERICAN HIGHWAY 

By HERBERT C LANKS 

MEXICO CITY, MEXICO 


“How soon Will I be able to drive my 
car through Central America to the 
Panama Canal?” is frequently being 
asked to-day Ten thousand American 
tourists a year travel the completed sec¬ 
tion of the Pan American Highway to 
Mexico City, through a land of wonders 
w^hich offers as many strange sights as 
any European country Below Mexico 
lies Guatemala, latest land of marvels 
discovered by the tourist Once arrived 
theie, one can motor over highways to 
almost any place of interest in the coun¬ 
try, viewing remains of buried civiliza¬ 
tions and the most colorful indigenous 
people of to-dav on this continent Next 
on the route southwaid comes little Sal¬ 
vador, teeming with a population of ad¬ 
vanced Latin American cultuie and with 
a motor road extending its entire length 
Nicaragua, country of lakes, cannot be 
crossed yet by motor, but the highway is 
being pushed daily northward and south¬ 
ward from Managua, its capital Bach 
year many tourists visit Costa Rica, wath 
excellent highways to many points of in¬ 
terest, including active volcanos, a fine 
concrete road leading to the brink of 
one Farthest south lies Panama with its 
canal The night life, the history of the 
days of the Spanish Main, the pleasure 
resorts make this country a tourist 
Mecca rivaling countries of equal size in 
Europe One can travel nearly the full 
length of the country bv motor road 
What a stream of travel will head south¬ 
ward when these existing stretches of 
highway are all connected, making an un¬ 
broken highway of three thousand miles 
from the American border, through seven 
foreign countries, to the Panama Canal * 
What does the motorist experience now 


111 motoring through these countries? 
What will he be able to exyierience when 
the certain stietches of highway, now 
under construction, will be completed? 
Let us motor over this Pan American 
Highway as much as it is possible at pres¬ 
ent and (‘over the intervening parts with 
other means of Iransyiortation, as the 
author of this article did 

Mexico 

We Cl OSS tlie international frontier 
between the United States and Mexico 
at Laredo, Ti‘xas Here we display a 
Mexican touiist pcnmit, which wt may 
secure here, it we have not already se¬ 
cured it from the Mexican consul in our 
neaiest city, lor one dollar We also 
bond our automobile a1 an expense of 
about a dollar We are permitted liberal 
allowances of personal effects in crossing 
the bordei, and in aboul fifteen minutes 
we have cleared through everything, 
thanks to ver\ courteous Mexican cus¬ 
toms and immigration officials 

We are now in Nuevo Laredo, Mexico, 
a small border place which, although 
quite dilfferent from our own towns, is 
yet not quite real Mexico Tt is the hy¬ 
brid border town, as may be expected, 
catering with its night clubs and cabarets 
to Americans who wish to enjoy some¬ 
thing a little different from their own 
country across the border Although 
Spanish is the language spoken, a great 
deal of English is heard so that one can 
get around comfortablv In fact, one can 
travel all along the Pan American High¬ 
way to Mexico City without being able 
to speak Spanish 

From the Mexican border town of 
Nuevo Laredo, it is 150 miles south to 
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Monterrey thiou^h country that is rather 
desert-1 ike Parts of this stretch are 
monotonously level and strai^*:ht, it boasts 
of haviiit? the longest continuous piece of 
straight hijiliwa^ in the world Other 
than an occasional cowbo> and a proat- 
herd with his flock, not much else of 
human life is encountered save when one 
dashes throuprh a sleepy Mexican villap:e 
alonp^ the wav One does not stop at 
many of these places save ior jrasoline 
and an ice-cold bottle of lefreshment as 
relief from the intense drv heat of north¬ 
ern Mexico 

At last, mountains bepriii to loom up in 
the distain'e Thev become larprer and 
laif^er as we appioach them, until we are 
at their toot and befrin the ascent to cross 
throuprh the lonp: Mamaulique Pass Al- 
thouprh theie is a steadv climb for some 
miles, the broad easy curves of the hiprh- 
wav and differences in scenery offer a 
welcome relief to the monotonouslv 
straip:ht road and the hot desert country 


we have just come over We prlide down 
into the fair-sized villap:e of Sabinas 
Hnlal^o, where we mipfht comfortably 
remain for the night, but modern Mon- 
terre.v beckons us onward 

Monterrey is a city of a third of a mil¬ 
lion inhabitants Although typically 
Mexican, it has been in such close con¬ 
tact with American tourists so many 
yeais that it offers every accommodation 
that any modern American city can offer 
Its night-life, although not that of Pans 
or New York City, is glamorous and in¬ 
teresting It has many movies with late- 
lun American Aims It offers all kinds 
ot sports, including the bull fight It has 
Its places of historical and cultural inter¬ 
est Montei rey is also a busy industrial 
city 111 parts, with large modern brewer¬ 
ies, cement factories and iron foundries 
It makes and has for sale artistic prod¬ 
ucts of Mexican handwnirk not encoun- 
teied in the United States Out of Mon¬ 
terrey, there are beautiful scenic drives 
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/*/!«/hu Ileiheit C Lanka 
PANORAMA VIKW OF MONTERRKY 

THIS FIRST STOP ON TH» PAN AMERIC VN HIGHWAY IN MRXK 0 IS 150 MILI^S SOUTH OP THE BORDER 
‘‘S\DDLI? H\C K MOUNTAIN^' IS IN THF BA! KOROl ND 
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Photograph hy Herbert C Lanke 
A MEXICAN PEON BOY RESTS 
WITH HIS BTTRROS 



Phutogiaph by Herbett C hanks 
TEMPLE OF THE SlTN--~TEOTIHUACAN 


ABOUT THIRTY FIVE MlLKb NORTHEAST OF MEXICO 
CITY IS THF ARl HEOLOGICAL ZONE OF TEOTIHCA 
CAN, WHICH COMPRISES AMONG OTHER RUINS THF 
GREAT PYRAMID OF THE SUN IT IS 23(J FEET HIGH 
AND CO\£R8 MORE AREA ON THE BASE THAN THF 
LARGEST OF THE FGYPTIAN PYRAMIDS 


which make it quite worth while tarrying 
here for days The climate of Monterrey, 
which lies at an altitude of 2,000 feet, is 
delightful, warm, but not oppressively 
hot 

The distance from Monterrey to Mex¬ 
ico City IS about 500 miles and is usually 
done in two stages with an overnight stop 
halfway There is a great variety of 
scenery along this five hundied miles, 
some of it rivalling any in the world 
The first half of the distance to Taina- 
zunehale or Valles is inostl> low country, 
somewhat desert-1 ike, but turning more 
and more to the lush, humid tropics of 
riotous vegetation as one proceeds south¬ 
ward At Tamazunehale, the highway 
begins to climb the high Sierra Madre 
mountains to the high cential plateau of 
Central Mexico, which is cool and has an 
entirely different climate and vegetation 
It 18 in the center of the high central 
plateau, at an elevation of a mile and a 
hall above sea level, that Mexico City is 
located 

Immediately south of Monterrey we 
enter the rich fniit sections lu the valley 
around Montemoielos, where great or¬ 
chards of oranges and citrus fruits 
stretch along the highway The largest 
place south of Monterrey is Victoria, the 
capital of the state of Tamaulipas, a typi¬ 
cal Mexican provincial capital If one 
had Mexican friends in such a vicinity as 
this a whole new world of experience 
would be opened, for the Mexican has his 
way of enjoying life as do we Americans 
111 our own communities 

We cross the Tropu* of Cancer, marked 
bj a monument on the side of the road, 
south of Victoria At places the liighwa\ 
climbs to high mesa or plateau, from the 
summit of which we can see tremendous 
areas of pasture lands on all sides, for 
cattle-raisuig is the important industry 
along most of the higliway Only a small 
proportion of the total area of Mexico is 
cultivated. As we approach Villa Juarez, 
Ave note the land is irrigated and more 
intensely cultivated We are now not far 
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inland from the Gulf of Mexico. The 
rich black earth is more frequently 
watered with life-|?iving rams during the 
lainy season, but during the dr> season, 
that IS, from October to May, there is 
scarcely any rain at all, hence the need 
for irrigation. This area around Villa 
Juarez is especially given to the cultiva¬ 
tion of sugar cane 

ISouth of Villa Juarez, the highway 
passes through great areas of nothing but 
palm forests Wild parrots and love 
birds are seen m great numbers with 
many other species of tropical birds, in¬ 
cluding, at times, the brilliantly colored 
macaw and the loud chacalaea, or jungle 
hen Natives offer for sale captive arma¬ 
dillos, peccaries, coaties, deer, ocelots 






Phofof/ntph hy Heihnt V LanKs 

A YOUNG MOTHER IN MEXICO 

CALMLY NURSES HER OFFSPRING WHILE AWAITING 
THE tRAlN AT THE STATION 


Photofjtaph hy Heihnt C Lanka 
A PEON GATHERER OP MAGUEY SAP 

FROM WHICH THE NATIONAL DRINK PULQUE IS 
MADE THE APPARAlUb lU CAHRIKS ON HIS HACK 
IS A GOURD DhVICF USED FOR FXTRAI’TING THE 
SAP PROM THE HOLLOW (’ENTER OF THE MAGl-EY 
PLANT THE POINT IS PUSHED INTO THF HEART 
WIURI' THE HAP HAS ACCUMTLATED OVER NIGHT 
AND THE AIR T-XHAIISTH) FROM A HOLE IN THF 
TOP BY SIKTION THE HAP RUNS UP INTO THE 
GOURD AND 18 THEN EMP’llED INTO A (CONTAINER 
ON A DONKFV\s BACK 

Clouds of buttei flies of nianv species and 
hues are seen along the road at certain 
times of the year Strange wild flovers 
of many specie's and colois arc seen that 
are new to the lonrisl Entireh diffci- 
ent types of trees are encountered, many 
of them of economK importance m the 
native life It is a new woild to the 
American tourists, this tropical Mexico 
Both Valles and Tamazunehale are 
rivals for the half-wa> stopping point 
between Monterrev and Mexico City 




Photoiftaph by Heibett C Lanka 


A MEXICAN GIRL MAKING TORTILLAS 

TORTILLAS ARE MADE OK SOAKH) (CRN, GROUND INTO A DOUGHY MASS ON TOP OF THE STONE 
MKTATF, SLAPPED INIO A THIN CAKE AND BAKED ON TOP OF A CliAY STAB 


Both have fine aecoinniodations for the 
overuijrht stops Neither offers much of 
interest to the transient, but both offer 
much to the student For one who wisjies 
to tarry a wdnle to study the natives or 
natural life, Tainazunehale offers the 
{greatest variety, for it is rij^ht at the foot 
of the niig'hty Sierra Madre Mountains, 
in which each several hundred feet of 
ascent offers a chanp:e of floia and fauna 
Both Valles and Tainazunehale are in the 
hottest and most sultry of tropical sec¬ 
tions encountered enroute At Tama- 
zunchale, the highway leaves the low, hot, 
tropical lands and starts the long upward 
climb to the cool plateau of central Mex¬ 
ico at eight thousand feet elevation 
The ascent from Tainazunehale up the 
tremendous Sierra Madre mountain 
range is one of the most spectacular and 
scenic stretches of highway in the world 
Although never over a 7 per cent grade, 
it IS so continuous, and the curves around 


the mountain folds are so numerous, suc¬ 
ceeding each other in such dizzy repeti¬ 
tion, that one experiences thrills ap¬ 
proaching that of a roller coaster In 
addition, the highway is often carved out 
of the sheer fa(*e of a mountain side which 
drops down in nianv places, several thou¬ 
sand feet Many times, with the nose of 
the car pointed up grade and swinging 
around a sharj) curve on the incline, one 
gets the sensation of being about to dash 
off into space Words can not describe 
the awesomeness of the spectacle For 
hours, one sensation succeeds another 
One leans back to catch his breath after 
one dizzy breath-taking spectacle only to 
be plunged immediately into a panorama 
of even greater breath-taking stupendous¬ 
ness Hour after hour, one tremendous 
panorama succeeds another, until we are 
left weak with so much in such rapid suc¬ 
cession When, after hours of this sensa¬ 
tional grueling sightseeing, we reach the 
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more level stretehes of the plateau, we 
view with relief the tranquil fields of corn 
and magruey However, much of this 
higrh plateau is desert-like, for ag:ain we 
are m the regfion of a prolong:ed dry 
season 

Even the natne people (‘hangre as does 
the scenery, climate and \eg:etation 
Mexico IS a country oi many different 
unabsorbed native Indian races Down 
in Tamazunchale, we met the Huastecan 
type, closely related to his Aztec cousin 
higher up in the mountains and on the 
plateau Around the Tula River valley, 
and especially around Zimapan and Ixmi- 
quilpan a hundred miles or more outside 
of Mexico City, we encounter a different 
Indian type agrain, the Otomi They first 
attract our attention as we see the women 
folk hurryin}^ along: the higrhwav, enjxagred 
in a peculiar practise of spinning magruey 
fiber as they walk along: Thev have a 
bunch of the coarse white fiber on their 
shoulder or arm, and bv means of a 


crude spinning: disk of clay on a peg, 
they dexteionsly draw out the fiber and 
spin it into a continuous thread which 
accumulates as thev walk along So lit¬ 
tle compensation do they receive tor this 
work that thev must sjiend all tlieir wak¬ 
ing hours woiking at it to earn enough 
for their meager subsistence level of 
living Even children must participate 
in the endless toil 

As we appioach Mexico Citv, it is like 
nearing a port on an ocean, for tiaffic gets 
heavier and heavier Yet, like the ocean, 
w^e see, foi the most part, nothing but 
wild wastes Metropolitan Mexico City, 
with its denselv sni rounding populated 
sections, is not vet visible The capital, 
With its pcrijiherv of nunierous commun¬ 
ities, occupies the great circular valley 
bowl of Anahuac, fifty miles in diaiiieter 
and sni rounded bv mountains on all 
sides Outside of this hidden green Eden 
IS nothing but and plateau for seem¬ 
ingly intei mumble distances The high- 



INDIAN WOMKN IN A MEXICAN MARKET PLACE 




Photograph hy Uerhert C\ Lanka 
MEXICAN WOMEN WASHINO—TEOTIIIUACAN 

▲ SCENE 8HOW1NO THE CACTUS LIKE FLORA OF THE * ^ MESA CENTRAL” OF CENTRAL MEXICO 


HERE WATER IS SCARCE AND USE IS MADE OF EVERY AVAILABLE SUPPLY, SUCH AS THAT COLLECTED 


IN THE POOL SHOWN. THE INDIANS ARB OF THE NAllUATL GROUP 
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est point on the whole international route 
(8,000 feet) is reached just before de¬ 
scending into the Mexican valley from 
the north On the other three sides even 
higher peaks inclose the valley, but there 
are somewhat lower jiasses through them 
To the southeast the perpetually snow¬ 
capped peaks of Popocatepetl and Ixtac- 
cihuatl tower majestically o\er the land¬ 
scapes From time immemorial, prob¬ 
ably a millennium before the coming of 
the white man, this Anahuac valley has 
been the seat of great civilizations At 
any rate, \arioiis remains of unknown 
people exist to-dav throughout this val¬ 
ley, many in a fine state of preservation 
There is greater evidence that we are 
approaching a metropolitan area now 
Towns are more fieciuent, land becomes 
more intensely cultivated and traffic be¬ 
comes heavier Before we know it, we 


are on the outskirts of Mexico City. A 
guard stops us at the edge of the city and 
offers to direct us, ascertaining where 
we are going, offering us a guide and 
chauffeur It is very wise for the 
American tourist to engage one of the 
latter at a few dollars a day, tor the nar¬ 
row streets and unfamihar sights and 
unusualh heavy traffic of this great 
metropolis are very bewildering In 
case of need it is often difficult to find 
anv one who speaks Spanish, these paid 
guides speak both English and Spanish 
Mexico City has been referred to as 
^‘The City of Palaces,’^ ‘‘The Pans of 
Nortli America’^ and many other com- 
plimentai y titles There is ample reason 
for such designations It is called “City 
of Palaces“ because thioiighout the city 
there remain the great houses, or palaces, 
maintained at one time by wealthy laad- 



ONE OF THE OUTSTANDING PLACES OF INTERFHT JUST SOUTH OF MFXICO CITY IN PRE CONQUEST 
TIMES THE ENTIRE AQUATIC CITY WAS bURROUNDED BY VTFR ON WHICH FLOATED MAN MADE 
ISL\NDS OR RAFTS C’OVERFD WITH EARTH THE REMAINING ISLANDS HAVE BECOME ATTACHED TO 
THE BOTTOM AND NO LONGER FIA)AT THEY FORM A LABYRINTH OF CANAT.S LIKE MODERN VENICE 
AND A ROMANTIC PLACE TO VISIT ESPECIALliY ON HOLIDAYS WHEN THEY ARE TEEMING WITH BOATS 
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Photofltaph bp Hethrit C LanttB 

EARLY AQUEDUCT AND WATER TOWER AT l.OR REMEDT08 


THEHF PICTURESQUE REMAINS OUTSIDE OF THF CAPITAL ATTRA( T MANY TOURISTS 


owners \^ho lived m feudal spleudoi 
Mexico City IS like Pans in many re¬ 
spects , the shops, the stores, the plan ot 
the citv and the jreneral atmosphere But 
Mexico City has much more This, how¬ 
ever, takes time to discover A striking? 
fact is that it consists of parts reared ni 
the conquerors^ times, by Cortez and 
his followers, and also contains the ultra¬ 
modern tvpe of building? with all the in¬ 
termediate sta<reR 

Prom Mexico City, hijrhways, railways 
and trolleys radiate m all directiqi«|j,to 
various pomta of interest To the*<i^^h 
of the city is the wonderful archeological 
zone of Teotihuacan In fact, there aie 
fine archeoloji:ical sites of some kind in 
nearly every direction from the city, in¬ 
cluding pyramids, templesiand the burial 
grounds of the many civilizations that in¬ 
habited this great Anahuac valley of 
Mexico One pyramid, Tenayuea, like 
Ancient Troy, has seven layers of super¬ 
imposed construction The scores of 


beautiful churches and old convents rival 
each other in attraction Then, there are 
the Floating Gardens of Xochimilco, 
Venice of Mexico There are museums 
and institutions of every kind, some of 
them old when our forefathers stepped 
ashore at Jamestown and Plymouth 
There are natural wonders like the caves 
of Cacahuamilpa, large enough in which 
to place one of our modern skyscrapers 
There are vistas and scenic sights out¬ 
side of Mexico Citv to furnish interesting 
trips for days and weeks, Ame(*ameca 
at the foot of snow-capped Popocatepetl, 
the tremendous panoramic sights on the 
drive to old Cuernavaca, or artistic 
Taxco, the baths of Cuautla, the drive 
through the Mexican Alps from Pachua 
to El Chico There are the people and 
their works of to-day, in many cases 
pursuing their crafts as of centuries ago 
hand-worked jewelry, leather, basketry, 
ceramics and textiles There are the 
quaint dances and customs of colonial 
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and even more primitive days In short, 
Mexico and especially the central part, 
within driviiif? distance of the capital, 
oflPers an endless variety of stranj?e 
sif?hts and new experiences, a new world 
of to-day, to-morrow and \esterday, all 
in one 

It IS now practical to drive south of 
Mexico on the Pan American Hipfhway 
route as far as Tehuacan, one hundred 
and fifty miles over paved road Here 
are located the famous baths of Garci 
Crespo Throujrhout a considerable part 
of this route southward the three x>ei- 
petually snow-capped peaks of Popo¬ 
catepetl, Ixtaccihuatl and mighty Ori¬ 
zaba are visible Sixty miles southeast 
of Mexico City the hif?hway passes 
throujrh the Puebla, second larjyest city 
of Mexico, center of manv intcrestinj? 
siprhts and of much historical backjrround 
One could tarry here for days without 


exhaustinj^ the trijis of interest As 
the present paved hi^hw^a> through the 
Puebla to Tehuacan bears considerably 
to the east, it is likely that the present 
highway down to Cuautla, although it is 
not pa\ed vei\ far at piesent, will be the 
future Pan American route, be(*anse it is 
a more direct line southwaid 

From Mexico City soutli to the Guate¬ 
malan frontlei it is 975 miles by the 
present planned international highway 
route This section passes thiough 
Cuautla, noted for its natural baths, and 
through Matamoras and Nochixtlan to 
Oa\a(*a, ca])ital ol the state of the same 
name Oaxaca is noted for its friendly 
and pi(*tnres(pie Zapotecans, wdiose 
women wear the colortul Tehuaiia dress 
These people aie pioud of their pro- 
Miicial distinction ol dress, language 
and customs The\ aic \ery interesting 
from the sociological point of vnnv be- 



Phoiogtaph hy llerhctt C jMtikM 
A JUNGLE STREAM AT SUNSET 


THB PAN AMERICAN IIKUIWAY CROSSI'S SCORES OK STREAMS ON THE W’^AY SOUTH THROUGH MEXICO 
ANY TIME OK THE DA\ A STREAM CROWDED ON BOTH BIDES BY DENSE JUNGLE MAKES AN ATTRAC 
TIVE SIGHT, BUT ESPECIALLY AT SUNSET 
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(*ause of a sort of matriarchal society. 
Oaxaca is colorful in many ways 
Everything is distinctive here For 
many who ha\e the time and inclination 
it will be a worthwhile stopping place for 
some days when the paved highway route 
reaches this section. Outside of Oaxaca 
are the famous rums of Mitla and Monte 
Alban, remains of an ancient Zapotecan 
civilization, interesting new vestiges of 
which are being uncovered each year 
From the state of Oaxaca on tlirough 
the isthmus of Tehuantepec*, wc pass into 
the large and little-known state of 
Chiapas, which borders on Guatemala 
In prehistoric times this state, which ad¬ 
joins Yucatan and Guatemala, w*aa the 
seat of a great Mayan civilization Scat¬ 
tered throughout the untraveled jungle 
of this sparsely populated state are many 
sites of ancient ruined cities of great 
archeological interest Most of the state 


lies in the humid and hot tropics It has 
considerable broken topography which, 
with many jungle streams, will make it 
interesting for natural scenic beauty and 
also important economically when its 
rich tropical land is opened by modern 
highway The energetic people of 
Chiapas realize the great importance of 
highway development for their progress, 
and are enthusiastically complementing 
the federal government work with their 
own efforts all along the route At the 
jircsent rate of progress, two years 
should see the country opened up to 
highway travel and transport The route 
through this state passes through Juch- 
itan, making a great inland sweep to 
serve the larger centers of Tuxtla, 
Comitcin, Huixtla and then back to 
Tapachula near which it crosses the 
Guatemalan frontier into Malacatan 
{To he concluded) 



AN AMPHIBIAN GRAVEYARD 

By Dr ALFRED S. ROMER 

PROFESSOR OF ZOOLOGY AND I'URATOR OF VERTEBRATE PALEONTOLOGY, HARVARD UNIVERSITY 


Living amphibians—the froj^, toads, 
salamanders and their km—are forms of 
modest size whicli are ielati\ely unimpor¬ 
tant 111 the animal life of modern times 
In the Tnassie period, some 150 millions 
of years ago, their role was a more promi¬ 
nent one Tlie oldest amphibians, of the 
late Paleozoie, had been of major evolu¬ 
tionary importance as the first veite- 
brates to emerge from the fisli stage of 
evolution and become four-foote<l ani¬ 
mals By Tiiassic times many of their 
deseendants had reached the still higher 
reptilian stage of e^olutlon, and dino¬ 
saurs, mammalian aneestois and other 
reptiles dominated the scene The older 
amphibian groups still survived, liowever, 
111 the form of labyriiithodonts Many 
of these were of large size, and weie 
loughly comparable to the modern cioco- 
diles and ^gators in appearan(*e and 
liabits But they weie a degem^iate stock, 
with flattened heads and bodies and tiny 
legs, winch indicate that they were incap¬ 
able of emerging fiom the water. 

Such amphibians have been found iii 
almost every region of the world In 
Noitli America, however, they are far 
from common Despite extensive explo¬ 
ration of the Tnassie, our museums con¬ 
tained perhaps but two dozen skulls ot 
native^' members of the gioup 
It was thus of interest when, in 1936, 
Mr and Ml'S R V Wittei, while engaged 
111 a ‘‘scouting’’ expeilition for fossil 
reptiles and amphibians tor the Museum 
of Comparative Zoology, saw fragments 
of amphibian bone washing down the side 
of a small hill in Tnassie deposits 16 
miles south of Lamy, New Mexico The 
fragments were found to come from a 
bone layer extending some distaiu'e along 
the slope of the hill Such excavation as 
could be done in a limited time resulted 
in the discovery that the layer consisted 
of a nearly solid mass of bones, almost 
all of them pertaining to a single species 


of amphibian, Buettneria perfecta Time 
was lacking to do more than obtain a few 
skulls 

Two years later the Witters letuined to 
the site, accompanied by Dr T B White, 
and undertook the complete excav^ation 
of the deposit, a project sponsored by Dr 
Thomas Barbour, director of the museum. 
The rich bone la>er extended 50 feet oi 
moie along the face of the exposure and 
some distance back into the hill It was 
covered, however, with a six-foot over¬ 
burden, iricliidiiig a two-foot sandstone 
layer, which made the task of icaching 
the fossils a difficult one The sandstone 
was bioken up with pi(*ks and a few judi¬ 
cious shots of dynamite The overburden 
was lemoved with a slip attached to the 
faithful, though decrepit, expedition fliv- 
\er, and the bone lav^er exposed througJi- 
out 

Fiom the excavation about half a liun- 
dred good skulls were recovered, as well 
as large quantities ot the prominent der¬ 
mal plates of the shoulder giidles (clavi¬ 
cles and interclavicles) and numerous 
isolated elements ot the badebone and 
limbs Piagmentary remains of skulls 
indicated the presence in the area of a 
total of about 100 individuals It seems 
certain that the deposit is but a lemaining 
null gin of a much laiger area of deposi¬ 
tion which before eiosion must have con¬ 
tained the closely packed skeletons of 
many hundieds if not thousands of these 
large amphibians 

Most oi the bone layer was removed in 
small slabs containing but one or two 
skulls It was decided however, to at¬ 
tempt the technically difficult feat of 
bringing back for exhibition purposes a 
larger slab to demonstrate the nature of 
the deposit An area 6 by 8 feet was 
blocked out and the surface worked down 
close to the bones, which were hardened 
by liberal doses of shellac A trench was 
then cut around the block and boards 
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A SLAB, AS EXHIBITED IN THE MUSEUM OF COMPARATIVE ZOOLOGY 
SHOWING THE NATURE OF THE BONE LAYER IN THE LAMY (NEW MEXK 0) AMPHIBIAN ‘‘GRAVE 
YARD THE SPECIMEN IS AN UNDISTURBED SAMPLE AREA OF TIIF QUARRY, SIX BY EIGHT FKKT IN 
SIZE, CONTAINING THt SKULLS OF A DOZEN AMPHIIIIANS AND NUMEROUS JAWS, SHOULDER PLATES 
AND OTHER REMAINS OF THESE ANIMALS 


nailed together to form the walls of a pei- 
manent ease for the speeimen To pre¬ 
serve the slab intact, some 600 pounds of 
plaster weie poured into the top and 
reinfon^ed with boards and burlap 
Holes were drilled through the shale be¬ 
neath the block and iron bars, secured to 
the sides, passed beneath it The speci¬ 
men (now weighing about a ton) was then 
raised and turned ov«*r with jacks, 
muscles and a final pull by the car The 
bottom of the block was peeled down to 
the under side of the bone layer, this 
was reinforced by plaster and a bit of 
highway fencing; the bottom boards were 
nailed on and the box finally prepared for 
shipment The entire task of preparation 
and transportation to the railroad at 
Lamy was earned out by White and Wit¬ 
ter unaided, the station master, however, 
felt it necessary to call in the entire se(»- 
tion crew of 20 men to load the box on to 
the freight ear' 

1 We wish to exprew our gratitude to a num 


The slab, as finally preparisl by Witter 
in the laboratory and placed on exhibition 
in the Miiseinn of Comparative Zoology, 
IS shown in tlie accompanying photo¬ 
graph The bones are massed and fre- 
tpienllj overlapping This one small area 
contained a dozen skulls and numerous 
shoulder plates and other bones, all 
stiewn about in eompletel^ disarticulated 
fashion 

Tins deposit is an excellent example of 
“mass death,“ a phenomenon discussed 
by Weigolt,-* and of which a second (and 
geologically mu(*h more recent) Arner- 


ber of loral residents—Messrs Eldon Butler, C 
P Frank, D T Gould, Zack Gunter and Edward 
Young—for many kindnt^RSf^H done the field 
paity, to Messrs, Dobson and Fullerton, of 
Miami, Oklahoma, owners of the Eaton grant, 
for permission to excavate the quarry, and to 
Dr R O Fishei, secretary of the Science Com¬ 
mission of New Mexico, for a state permit foi 
excavation 

2j Weigelt, “Rezeiite Wiibeltierloichen,*^ 
Leipzig, 1927 
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KKY TO THE ILLTTHTRATTON OF THE SLAH 

THI< SKL LLs \RE SHADI-D, AND THE OTHER LARGE BONEH (JAW8 \ND SHOULDER I'LATEs) ARE SHOWN 

IN OUTLINE 


lean exaTnjilo is that of tlie Agate Springs 
(Nebritska) fossil quarry Slabs fiom 
the Agate deposit are displayed in a con¬ 
siderable nmnber of Ameri(*an innseunis 
These aie derned from a bone hnei en¬ 
tirely undeil^Miig a small lull, in whu*h 
aie contained the tightly jiacked and dis- 
articulated remains of thousands of mam¬ 
mals, most of them the twin-horned r]\\- 
novovDS** Dicer at her turn Matthew^ has 
suggested tJiat the Agate deposit lepre- 
sents a quicksand neai a water-hole, in 
w’hich animals weie bogged 

The explanation of the present deposit 
must be ol another natuie The bone 
layer is thin—^but two to four inches 
thick—and is surely not a (piicksaml. 
More piobably it repiesents the last 
remnant of a large area of water in whieli 
the amphibians dw^elt In Tnassic times 
western Texas and New Mexico must 
have been a well-watered lowlaiul, wuth 
numerous streams and pools Presum- 
^Natunil History^ ‘23 358-369, 1923 


abl>, howe\er, it was subject to reeuirent 
dioughts- -geologjcall> ancient predeees- 
sois ot “dust bowl’^ conditions Under 
such circumstances the lagoonal areas m 
which the amphibians lived would have 
become greatly restiieted Since these 
annuals were, as w'e have said, confined 
to the w^atei, the giadual drying up of the 
pools would have resulted in crowded 
conditions in the lemaining lagoons 
Their food supply of fishes and other 
w^ater-dwelling animals wmuld have been 
rapidly exhausted, and staivation would 
have follow^ed Our deposit represents 
the last scene in the diama of drought— 
a shrinking lesidual pool, tightly packed 
with these amphibian monsters, starving 
survivors struggling about through the 
mass of rotting corpses ol their weaker 
brothers Eventually all would become 
quiet in the pool The rains, when they 
leturned, would bring down clay and 
sand to cover the skeletons and preserve 
the graveyard through the 150 millions 
or so of years that have since elapsed 




NEW APPROACHES TO THE SCIENCE 

OF VOICE 


By Dr. CARL E. SEASHORE 

EESCARCH PROFESSOR OF P8YCn0r..00Y, STATE UNIVERSITY OF IOWA 

It is very sijifnifieant that the seientifie to describe instriimeuts or grive teclinical 
approach is practically the same for results, but ask you to take the same at- 
music and speech Both employ the titiide that you take in going through a 
same medium, are studied by the same museum, where you move from ease to 
types of instruments, by the same labo- case and cast swift glances at strange 
ratory and art principles of technique animals and fascinating habitats. Nor 
and in the same spirit of a combined wdl it be possible to distribute credit for 
scientific and artistic attitude Pur- inventions, because this is usually allo- 
thermore, as a rule, scientific findings m cated among numerous cooperating 
one of these fields transfer in principle agencies 

to the other. Science is, therefore, be- I can merely offer you a senes of labels 
coming a melting pot in which the two with an occasional illustration to gi\e 
vocal arts are brought into mutual ad- you glimpses of the more fascinating 
miration, mutual understanding and vistas in this new' territory of an applied 
mutual assistance science My catalogue will include 

The science of voice draws upon many eighteen items 
fundamental sciences, notably, physics, I The nnivie of the action of the 
physiology, anatomy, anthropology, neu- vocal cords There have been two main 
rology and psychology, and it has be- opposing theories, one to the effect that 
come the function of psychology to in- tone quality is determined basically by 
tegrate these basic scientific approaches a segmental vibration of the vocal cords 
into an applied science which we may after the pattern of a violin string, and 
call the psychology of the vocal arts the opposing theory, tliat the harmonic 
In this field, more has been accom- structuic of the sound is not determined 
plished m the way of fundamental con- by the vocal cords but by the resonance 
tributions toward rigorous scientific pro- characteristics of the oral cavities This 
cedure in the past twenty years than in debate, centuries old, is now taken from 
all previous history This is due, m a the armchair into the phonetu'S labora- 
large part, to the extraordinary progress torv, and we are coming into command 
that has been made in the field of aeons- of detailed pictures furnishing rich de¬ 
fies for the promotion of the recording tail iii regard to the action of the cords 
and the transmission of sound, which re- You see a moMiig picture film (Fig 1) 
ceived its first impulse from the utiliza- of the vocal cords in one complete cycle 
tion of the vacuum tube technique We of the cords from closure through maxi- 
may therefore say tliat we are now lay- mum opening and return to closure in 
ing foundations for a comprehensive the generation of a single sound wave 
science of voice and that nearly all the These pictures can be submitted to har- 
current approaches are new' monic analysis We now ha\e the an- 

For the purpose of this preview, let nouneement that these inctures may be 
me ask the reader to imagine that he is taken at the rate of as much as four 
invited into the psychological laboratory, thousand pictures per second, emplo;^ - 
equipped and devoted to a scientific mg the same general technique as has 
study of these arts I shall not attempt been employed iii the photographing of 
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FIO 1 MOVING riCTURF OF ONE VIBRATION (16 FRAMES) OP THE VOCAL CORDS IN A BARITONE 

HINGER 1 


the flight of bullets A detailed study 
of such records is certain to answer once 
and for all the perpetual debate m re¬ 
gard to the function of the vocal cords 

As IS usual in controvei^sy of long 
standing, there is some truth on each 
side, but the pictures now furnish posi¬ 
tive proof that the vocal cords do vibrate 

iFrom Tiffla, Saetvoit and Snidccor, Q^iar- 
terly Journal of Spetehj 24 1, 1-10, February, 
1938 


111 segments This picture shows that 
the resulting variation in the opening be¬ 
tween the cords tends to correspond with 
the overtone structure oF the tone to a 
considerable extent 

II The oral resonance We have had 
for some time the x-ray technique, 
whereby, for example, the position of 
the tongue in the foiniation of different 
vowels has been demonstrated How¬ 
ever, we know now that vowels m speech 
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no 8. HARMONIC 8TRU0TURE OF THE VOICE IN 
THE VOWEIi OF THE WORD ‘ ‘ TOP * * SHOWING PRO¬ 
GRESSIVE CHANGE* 


and music are not static but represent 
action patterns, as in Pif? 2, and we now 
have the means of determining the rate 
and form of the changes in the oral cavi¬ 
ties which determine, for example, an a, 
an €, and i or an oo The rate and form 
of change in the resonance cavities can 
be recorded m detail on an electrical 
polygraph 

With these two series of data reveal¬ 
ing the action of the cords and the coop¬ 
erating action of the resonating mecha¬ 
nisms, we have the material in hand for 
an adequate description of tonal quality 
in terms of the physiology and physics, 
which underlie our hearing of a sound 
m cross section for the period of a single 
vibration, which we call timbre, and the 
progressne change for the duration of 
the sound, which we call sonance In 

2 Bluclc, ‘‘Archues of Speech,*^ Vol 2, 1937, 
P » 



FIG, 3. ONE SOUND WAVE IN A VIOUN TONE 


terms of the physical correlates of these 
two factors, timbre and sonance, we can 
describe the nature of the sound as de¬ 
livered from the mouth qualitatively and 
quantitatively This achievement is a 
cornerstone for the theory and the prac¬ 
tice of the vocal arts 

III The oscillogram We can now 
intercept the sound waves from the 
mouth by a high-speed moving picture 
camera which records m minute detail 
the actual form of each sound wave as it 
passes through space You see in Pig 3 
a single wave in the sound of a good 
violin It 18 very complex, and when 
properly analyzed, gives us a complete 
picture of the harmonic structure for 
the period of a single vibration iii that 
tone which is heard at the pitch of 196 
cycles per second Sound waves of this 
kind have been recorded for a long time, 
but it is only within the last decade that 
the recording instruments have been so 



FIG 4 THE HKNRIOI HARMQNIC ANALYZER 
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refined as to guarantee complete fidelity 
in the representation of the tone 

In the laboratory, you may see now 
series upon senes representing the form 
of the sound wave for each of the orches¬ 
tral instruments at different pitch levels 
and at different intensities, and the same 
for bass, tenor, alto and soprano voices, 
and for characteristic speech sounds as 
well as for the vocal utterance of ani¬ 
mals It IS in the form of these sound 
waves that we preserve, transmit and 
analyze any sound into its component 
elements 

IV Harmonic analysis The signifi¬ 
cance of wave form has been known for 
centuries m physics and mathematics 
and expressed in terms of what is known 
as the Fourier theorem, but it is only 
within the past few years that mechani¬ 
cal instruments have been designed for 
complete analysis of sound waves by 
automatic recording instruments, of 
which the Henrici harmonic analyzer 
IS a good example (Pig 4) 

When sound is fed into this machine, 
out of it will come, upon a series of dials, 
an exact statement of the overtone struc¬ 
ture of this sound so that we can see ex¬ 
actly what partials or overtones are pres¬ 
ent, how they are distributed and how 
much of the energy of the whole tone 
lies m each one 

Readings of this kind are put into the 
form of what we call a tone spectrum 
which reveals the exact structure of this 
tone at a glance. It is a graphic, quan¬ 
titative, physical description of the tone 
involved m a given sound wave Fig 5 
shows two series of tone spectra from the 
violin On this plan the quality of tone 
in speech and song may be represented 
descriptive of violin tones 

Thus tone quality is taken out of the 
region of mystery, confusion and igno¬ 
rance, which has prevailed in the vocal 
arts and inceptive sciences, and is made 
measurable, verifiable, namable and ex¬ 
plainable. 

V The complete and adequate record¬ 


ing of performance All sounds, musi¬ 
cal and unmusical, are represented by 
four factors, namely, the frequency, the 
amplitude, the duration and the form 
of sound waves As correlates of these 
four, we have the four fundamental at¬ 
tributes of sounds that we hear and 
sounds that we produce, namely, pitch, 
loudness, time and timbre The recog¬ 
nition of this fact IS an enormously large 
step in making scientific recording ade¬ 
quate 

If, in your imagination, you follow 
me in the laboratory, you will see the 
following set-up for the recording of 
speech or music in terms of these four 
factors The singer stands in an acous¬ 
tically treated music room before a mi¬ 
crophone, as in a radio studio, and sings 
or speaks in a perfectly natural manner. 
With or without an audience In an ad¬ 
joining room, a complete record of the 
performance is made as follows in the 
time that it takes to sing or read a 
selection 

There is a battery of three specially 
designed motion picture cameras One 
records the frequency or pitch, another 
records the intensity or dynamic values, 
and the third records the wave form or 
timbre And all three of these cameras 
record synchronously against time, thus 
giving us a complete record of every ele¬ 
ment that enters into the tone At the 
same time, a recording machine makes a 
permanent phonograph or film record of 
the rendition, exactly synchronized with 
the moving pictures of the sound waves, 
so that for scientific purposes the actual 
sound can be reproduced in whole or in 
part as often as is desired and related 
to the phonograph record of the sound 
waves If for any reason it is desired 
in the study of mteresMiig characters, we 
may add to these records a moving pic¬ 
ture of the actual outward behavior of 
the singer or speaker in the act 

All these cameras and recording de¬ 
vices have been remodeled during the 
past five years and can now be said to 
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#10 5 Left, TONE SPECTRA PROM THE A-8TR1N0 

have reached the perfection which makes 
them thoroughly adequate for all scien¬ 
tific and artistic purposes Therefore, 
this IS the first step taken m the labora¬ 
tory for the complete recording of per¬ 
formance 

VI The annihilation of time and 
space In the commercial field, these 
principles have recently attained a high 
degree of perfection in the now conven¬ 
tional talking films by employing high 
quality recording outfits, so that now the 
performance of any artist may go into a 
permanent record of very high scientific 
and artistic value Such films in their 
original untouched condition can now 

«rrom Small, in Seashore, Psychology of 
Music,'' McGraw-HUl, 1938, p. 217. 



OF THE VI0UN,3 right, SAMF FOB THE E-STRING 

be taken into the laboratory for the most 
refined scientific analysis This gives 
us an unlimited field of riches in the 
source of materials for scientific study. 

The same process of high quality re¬ 
cording has annihilated distance so that 
the recording may now be done in the 
most remote parts of the earth and 
brought home for deliberate scientific 
study in the laboratory. As soon as the 
producing companies observe easily 
available scientific precautions in selec¬ 
tion and recording, we may see the dra¬ 
matic action in song and speech and 
dance of the most primitive peoples and 
measure and describe the character of 
their performance in minutest detail. 

If we had not suddenly become so 
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familiar with the marvel of moving pic¬ 
tures, this scientific invention would cer¬ 
tainly be regarded as one of the Seven 
Wonders of the World 

VII The performance score But 
with all this collected mass of material 
at hand, we had to await the invention 
of an adequate medium or language for 
the effective representation of all the 
detailed measurements 

A section of the performance score for 
the singing of ‘‘Ave Maria” illustrates 
the principle ^Fig 6) The perform- 


score is equally adaptable to speech, as 
we see in a porfornumce score of a dra¬ 
matic reading (Fig 7) Literally thou¬ 
sands of measurements go into the con¬ 
struction of one of these performance 
scores, but the final picture is a general¬ 
ization which has meaning for the vocal 
arts 

VTII The voice and the loom Even 
in the modern acoustically treated studio, 
the performance is complicated by the 
fact that what w^e hear is always the tone 
as delivered from the \oice plus the reso- 
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no 6 , SECTION OF PEEFORMANCE SCORE OF BACH GOUNOD * * A\E MARIA" Ab SUNO BY STARK 
UPPER GRAPH DENOTES PITCH, LOWER, INTENSITY, TIME, DOTS AND DASHES IN 1/10 SECOND. VER¬ 
TICAL SPACES ARE IN SEMI TONES FOE PITCH AND IN 4 DECIBEL STEPS FOR INTENSITY * 


ance score is very much like the conven¬ 
tional score except that in place of a 
mere note showing what should be sung, 
we have a graph showing exactly what 
was sung as to pitch, loudness and dura¬ 
tion of the tone The tone quality must 
be shown in a more detailed score It 
is really astonishing how such an enor¬ 
mous number of exact measurements can 
be transformed into a compact score, 
scarcely occupying any more space than 
a conventional music score 

The same principle of performance 

G. Seashore, ‘*Iowa Studies in the Psy¬ 
chology of Music,Vol. 1, p 17 


nance characteristics of the room In 
ordinary parlors, theaters and concert 
halls, this modification is a great handi¬ 
cap to the artist 

We can now separate the study of the 
performance of the room from the per¬ 
formance of the singer. To do this we 
record two performances of the same act, 
a song or a speech T*»e record is first 
made in a musically adapted studio whose 
resonance characteristics have been mea¬ 
sured and are under control Then the 
performance is repeated in a ‘‘dead” 
room Now a dead room is one that has 
been sound-proofed by the most recent 
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FIO 7. PERFORMANCE SCORE OF SPEECH 0 TERMINOLOGY SAME AS IN FIG 6 


methods so as to exclude disturbing scientific process of eliminating acces- 
sounds from outside and eliminate all sory and disturbing factors It creates 
vibrations from any part of the room a new interest m the exceedingly impor- 
or any of its contents, with the result tant problem of how to control the acous- 
that, when the song or speech is rendered tic qualities of rooms and the contents of 
in this room, the record will be entirely rooms in which man is called upon to 
free from the eifect of the ordinary room sing or speak The tone spectra for 
lesonance or accessory sounds each of these two conditions contain 

That the sound m the dead room is exact descriptions of the two tones for 
radically different from the sound we comparison in terms of harmonic struc- 
hear in the studio is quite evident to any tiire, as in Fig 5 

one wlio has listened to the room charac- IX The phrasmg score There is a 
teristics of the voices that come over the refinement of the performance score 
radio from different types of recording which we call the phrasing score of 
studios or in concert halls. which we can have very many varieties, 

This procedure of eliminating the room both in music and in speech In Fig. 8 
resonance is a characteristic step m the is shown a section of a phrasing score 
8 j M Cowan, ‘ ‘ Archives of Speech, ’» Supple from a rendition by Menuhin 
mont, 1936 The principle is here the same as for 
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singing. No singer or player sings in 
true pitch, even dynamics, metronomic 
time or uniform tone quality If he did, 
he could not possibly be regarded as a 
good singer The beauty in music and 
speech lies in the artistic deviation from 
the regular—from true pitch, from even 
dynamics, from metronomic time and 
from pure tone We can, therefore, 
measure the artistic qualities of any 
vocal performance and express it in 
terms of the amount of deviation from 
the base m eacdi of these four character¬ 
istics 

Thus, this very ethereal element of 
personal interpretation which we tech¬ 
nically call phrasing is exposed in objec¬ 
tive form, qualitatively and quantita¬ 
tively In terms of the phrasing score, 
we are able to express in standardized 
terminology exactly how one musician’s 
interpretation of a phrase differs from 
that of another 

X The rhythm of poetry Technique 
of this kind enables us to deal objectively 
with hoary problems of armchair debate, 
such as the relative role of time and 
stress in poetry The so-called aecent 
in poetry is not alwavs obtained by 
stress, nor by time, and these two factors 
are interchangeable to an astxinishing 
degree, so that we can give ttie feeling 
of time through stress or the feeling of 
stress through time m the artistic read¬ 
ing of poetry A score for this purpose 
would be analogous to Pig 7 

By recording the artistic reading of a 
poem and expressing it in terms of a 
phrasing score, we are for the first time 
in history enabled to submit the time¬ 
worn theories and sanctions of rhythm in 
poetry to the acid test In this, most 
astonishing and revolutionary findings 
occur, because here, as m music, the 
listening ear has been deceived and has 
not been corrected by objective check 
We are therefore facing a thorough re¬ 
vision of artistic theory and practice in 
poetry and prose 

By the same techniques, of course, we 


can deal now with the song of birds, the 
cry of the infant and the laughter of 
merrymakers 

XI The action current technique 
We are anxious to know what muscula¬ 
tures are involved in phonation There 
are scores of them, and until recently we 
have had little more than guesswork in 
regard to their opeiation By means of 
the action current technique we can now 
trace the origin, the course and the point 
of ilischarge of a nerve impulse that 
energizes the muscle We can show the 
time-order, the intensity and therefore 
the relative dominance of various nerve 
impulses in the vocal act This proce¬ 
dure IS now best illustrated in the mea¬ 
surement of brain waves 

XII The criteria of good voice On 
the basis of scientific analysis, we are be¬ 
ginning to catalogue the criteria of good 
voice, su(*h as richness in tone quality, 
range of pitch inflection, range of dy¬ 
namic inflection, rhythm and flexibility 
Each of these qualities of voice is now 
subject to exact measurement, analysis 
and internal classification Carrying 
power, for example, is not mere volume 
or loudness but the right choice and ade¬ 
quate artistic control of a score of spe¬ 
cific factors each of which can be isolated 
and measured On the basis of such in¬ 
formation, voice training can be organ¬ 
ized with specific and tangible goals 

XIII The vibrato The vibrato has 
been recognized by musical authorities 
as one of the four basic qualities of a 
good voice It IS one of the 30 or 40 
recognized musical ornaments Until 
the vibrato was taken into the labora¬ 
tory, there was the utmost confusion. 
Ignorance and falsehood perpetrated 
about this so-called tender quality of 
music and speech The periodic waves 
in the graph for pitch and loudness in 
Pig 6 describe the vibrato in that per¬ 
formance But the laboratory scientist 
has discovered what the vibrato is, what 
kinds of vibrato exist, the frequency and 
conditions of its use, its role in the ex- 
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pression of emotion, norms of perform¬ 
ance, actual and ideal, methods of train¬ 
ing and scores of other features. And, 
in the mastery of this single ornament in 
music and speech, vastly greater contri¬ 
butions have been made to allied and im¬ 
plied interests both in the field of psy¬ 
chology of art and general psychology 
A discovery in applied science always 
receives something from the mother sci¬ 
ence and gives something back to it 
* Fig 9 shows the inside of a beautiful 
tone involving the vibrato and indicates 


in the form of sound waves and can 
study the artistic tone as a physical 
structure in the same way as we can ob¬ 
serve the delineations of a work of 
architecture 

The vibrato, for example, is one means 
of expressing feeling By the very tech¬ 
nique employed in measuring the vibrato, 
we can measure the expression of an end¬ 
less variety of forms of musical expres¬ 
sion, usually m terms of the nature and 
the extent of the artistic deviation from 
the mechanical or unemotional 



no 8 VIOLIN PHRASING SCORE OP THE ''TZIGANE" (RAVEL) AS PLAYED BY MENUHIN THE ZERO 
LINE DENOTES RIGID TIME DEVIATIONS ARE SHOWN FOR PITCH BY CIRCLES IN 1/10-TONB STEPS; 
FOB INTENSITY BY SOLID LINES IN 1-DEClBEL STEPS, AND FOB TIME BY DOTTED LINES IN 1/10 OF A 
SECOND STEPS. ROWS AT THE BOTTOM INDICATE ORDER OF NOTES « 


how timbre vibrato results from changes 
in partials In other words, it describes 
the change in quality of the tone for a 
period of one third of a second 

XIV Measurement of the expression 
of emotions We must distinguish be¬ 
tween the having of an emotion and the 
expression of it The expression of an 
emotion through voice is recordable, and 
scientifically describable both qualita¬ 
tively and quantitatively, because, in the 
laboratory, we have under control all the 
media in which the emotion is expressed 

6 Small, "Umverflity of Iowa Studios in the 
Psychology of Music," Vol 4, p 196. 


XV The meamrement of illusions. 
All art IS illusion At any rate, it is the 
largest factor in all artistic experience, 
and this fact has contributed to the gen¬ 
eral feeling that art is something ethe¬ 
real, intangible and mystic. We now 
have countless illustrations of measure¬ 
ment of illusions which function in the 
production and the hearing of a beauti¬ 
ful sound The vibrato as a whole is one 
grand complex and beautiful expression 
of the operation of the laws of illusion. 
Dynamic phrasing, as in rhythmic speech 
or song, is revealed in the discovery and 
evaluation of the illusions which operate 
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in creating the feeling of rhythm. Prac¬ 
tically all illusions which operate in the 
vocal arts can be isolated and measured 
in the artistic object, the tone A tone 
of a given frequency involves illusions 
of pitch, dependent upon the relative in¬ 
tensity, relative duration and the rela- 



FIO. 9 THE HARMONIC STRUCTURE OF A BEAUTI¬ 
FUL TONE TONE COVERS TWO VIBRATO CYCLES, 
ONE-THIRD SECOND PARTIALS ARE GRAPHED FOR 
INTENSITY AND NUMBERED AT THE CENTER PITCH 
GRAPHED FOR EACH PARTUL WOULD BE SAME AS 
IN DOTTED LINE STRENGTH OF PARTIAL IS INDI¬ 
CATED BY ITS RELATIVE NEARNESS TO THE BASE 0 
ANALYZED WAVES ARE NUMBERED AT THE BOTTOM 7 

tive richness of the tone A tone of 444 
vibrations per second does not always 
mean the same pitch because there are 
numerous well-known illusions which 
modify the pitch that we shall hear and, 

7 Borchers* From Seashore, in MvMo Edu¬ 
cator $ Journalf October, 1936 


strange as it may seem, the measurement 
of the illusion becomes quantitative be¬ 
cause all we need to measure is the ex¬ 
tent to which the physical tone is differ¬ 
ent from what it seems to be as deter¬ 
mined by a matching process 

XVI The measurement of talents. 
With the rapidly growing analysis of 
the nature of capacities and abilities or 
natural resources, both physical and 
mental, which operate in the vocal arts, 
we have laid the foundation for the mea¬ 
surement of talents and, to a limited de¬ 
gree, of prediction of possible extent and 
success in training The most striking 
finding to the scientist who penetrates 
into this area is the enormous richness in 
the hierarchy of talents which, together, 
operate in the vocal arts The still pop¬ 
ular notion IS that we can secure what I 
have called an omnibus measure, or a 
single M Q , which shall designate talent 
for singing or dramatic art That point 
of view I regard as misleading. When¬ 
ever we adopt a scientific point of view, 
WT must begin to make sacrifices by iso¬ 
lating and observing one factor at a time 
and limiting our conclusions to the factor 
measured under eontrol Splendid prog¬ 
ress is being made m this direction so that 
we can now talk in a fairly standardized 
language in terms of recognized concepts 
and with reference to differentiation 
among a variety of objectives in advising 
children and youth in regard to musical 
and dramatic education, choice of voca¬ 
tion and, what is much more important, 
the selection of an avocation 

We now have norms for the distribu¬ 
tion of capacities within a given talent. 
The average ear can hear a pitch differ¬ 
ence of 1/17 of a tone, a high talent may 
hear a 1/100 of a tone or less, a very 
poor talent may not hear a semitone. 

XVII The science of esthetics. Es¬ 
thetic theories in the vocal arts are prac¬ 
tically all of the armchair variety They 
range from the garrulous babblings of 
persons who have professional services 
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to sell to the abstruse cogitations of phi¬ 
losophers quite remote from tangible 
things on this earth The coming es¬ 
thetics will be built upon scientific ex¬ 
periment All theories which present 
any degree of plausibility must be re¬ 
viewed and chastened through the cutting 
tool of experiment, and the organic 
structure of a theory of the beautiful 
must be based upon the solid foundations 
of descnbable, verifiable and significant 
facts Such an esthetics is now in the 
making In this process, many hoary 
and highly cherished theories must be 
scrapped To pass from speculation to 
a scientific esthetics by a deepening in¬ 
sight of thorough experiment will be like 
passing from star gazing to astronomy 
XVIII Scientific training We are 
facing two radical innovations m the art 
of training the singing and speaking 
voice First of these is the recognition 
of an adequate analysis of what consti¬ 
tutes voice and reduction of this to the 
fundamental elements which are its de¬ 
terminants This IS necessary in order 
that we may note what we are doing 
when we tram, for example, for flexibil¬ 
ity and dynamic control m carrying 
power, richness or m any other specific 
factor The future teacher of voice will 


not shoot at the blue sky of voice but 
will direct attention to one factor at a 
time in order that the pupil may become 
systematically and economically voice- 
conscious The other factor is that we 
now have available m the laboratories 
inst rumen Is by which the training may 
be aided by making the sound visible so 
that the singer or speaker can see exactly 
what its pitch IS, exactly what its dy¬ 
namic value is, exactly what its phrasing 
duration is and exactly what its tone 
quality is For each of these we could 
set up models so that the pupil who is 
being trained will stand before a record¬ 
ing structure and see himself sing just 
as he sees the movement of his lips m the 
mirror The tonoscope was a inoncer 
instrument in this field 

The great advantage of this is, of 
course, the fact that he trams for one 
specific control after another until that 
becomes automatic, and shortens this 
time by training against a check so that 
after every trial he knows how near he 
came to the true goal It works in ac¬ 
cordance with the established fact that 
learning proceeds most effectively when 
we have a specific goal and have means 
for knowing to what extent we are right 
in each trial 
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The Crown desired that the New World 
be gained by peaceful means to the extent 
possible and required that only just war 
be made on the natives There is little 
need to point out that this was a theoreti¬ 
cal and pious, if at the same time wholly 
sincere, intent, and that in practice it was 
frequently set at nau^hi It is one of the 
points, however, in which the characters 
and purposes of individual conquistadores 
determined the nature of conquest m a 
vital manner, pfivinfif to certain conquests 
a different aspect than that taken by 
others The acts of Balboa as opposed to 
those of Pedrarias Davila in the area of 
Panama and the conduct of the conquest 
of Mexico by Cortes as compared to that 
of Peru by Francisco Pizarro illustrate 
this point It may be stated here that 
Alvarado offers a contrast to Montejo 
within the Maya area, the former, at 
least as we know him at this time, was 
ruthless and showed little regard for the 
natives, while the latter was moderate and 
sought, in the mam, to protect them Be¬ 
fore passing on, it should be mentioned 
that just war was a matter of deep con¬ 
cern to the Castilian monarchs and that 
its nature was the subject of prolonged 
debate and thought h\irthermore, the 
requenmiento, or ‘‘requirement’’ by 
which the natives were summoned to 
allegiance to the sovereign of Castile 
and the acceptance of Christianity, 
although it has frequently been scoffed 
at, was for the Crown much more than a 
hollow legalistic formula and, based on a 
deep philosophy, represented a desire to 
comply with the demands of divine and 
human law. 

There is every evidence that the 


Adelantado, Montejo the Younger, and 
Montejo the Nephew observed not only 
the form established by the Crown, but 
also the intent to a surprising degree 
Indeed, Ins mildness, forbearance, desire 
to avoid warfare when possible and the 
trust he placed m the sincerity of certain 
of the caciques, or native rulers, who 
gave allegiance while biding their time 
to rise in revolt upon occasions proved 
extremelv costly to the Adelantado 

From his first landing at Cozumel m 
the autumn of 1527 through the Maya 
revolt of 1546 the Adelantado, Montejo 
the Younger and Montejo the Nephew 
wherever possible sought to bring the 
Indians to acceptance of the dominion of 
the King of Castile without resort to arms 
Moicover, they formed alliances with na¬ 
tive rulers whenever such could be done, 
taking advantage of the rivalries and 
enmities which existed among the several 
cacicazgos, or native slates, and placing in 
effect the principle of divide and rule 
The allies thus gained furnished auxilia¬ 
ries, supplies and burden-bearers and 
measurably aided the Castilians There 
was m the conquest of Yucatan from first 
to last, with the exception of the final 
reduction of the provinces of Uaymil- 
Chetemal, relatively little of the ruth- 
lessuess which characterized certain of 
the conquests in the Americas The 
Montejos, furthermore, took surprisingly 
little vengeance on n.itives who rose in 
revolt sometimes repeatedly, after hav¬ 
ing submitted 

The first act of the Adelantado upon 
reaching Cozumel in the autumn of 1527 
was to establish friendly relations with 
the natives of the island On crossing 
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to the mainland and founding a town 
at XelM, he attempted to win the na¬ 
tives to amity, but without great success 
In moving northward along the coast, 
Montejo temporarily established his forces 
at Belmd, where a friendly reception had 
been prepared by the lord of Cozumel at 
his instance There, having entered a 
heavily peopled area, he first placed the 
policy of peaceful reduction in operation 
on a large scale, and, calling together the 
caciques of a wide district, he secured the 
allegiance of many Notwithstanding his 
desire to avoid war if possible, he con¬ 
ducted a military demonstration before 
the native lords that they nught fully 
comprehend the force of which he dis¬ 
posed and ponder the alternative to 
acceptance of Castilian dominion. Mov¬ 
ing to the port of Conil, he largely re¬ 
peated his acts while at Belma 
Serious resistance was first encountered 
at the great city of Chauac-hfi The 
Maya, after receiving the Castilians in 
peace, turned on them, but were heavily 
defeated They then sued for peace, and 
the Adelantado received the allegiance of 
the rulers, without exacting punishment. 
A second great battle was fought at Ak6, 
another large city not far distant from 
Chauac-h4, the natives evacuating the 
place and then returning to the attack 
The Castilians won a complete victory 
and the Adelantado then called the ca¬ 
ciques of the general area before him and 
received their submission. These hostili¬ 
ties, from all evidence, were initiated by 
the natives, and the Adelantado through¬ 
out this first phase of the conquest 
refrained from making war whenever 
the natives received him in peace and 
accepted Castilian dominion 
During the second phase of the con¬ 
quest the Adelantado and his principal 
lieutenants, Alonso Ddvila and Montejo 
the Younger, continued the same policies 
While in Tabasco the Adelantado, appar¬ 
ently through a mission, secured the 
friendship of the warlike Couohes of 


Champot6n, who had inflicted a sharp de¬ 
feat on Herndndez de Cdrdoba in 1617, 
during the latter's voyage of discovery, 
and thus prepared an amicable reception 
for the Castilians when they arrived at 
that point Upon reaching Campeche 
Montejo convoked the caciques of the re¬ 
gion in an attempt to obtain their alle¬ 
giance without employing force, inform¬ 
ing them of the declared purposes of the 
Crown and of his own aims. In this he 
was at least in part successful When 
Montejo the Younger was sent to the 
northern provinces to reduce the area and 
found a city, employing peaceful methods 
and playing on the rivalries of the na- 
ti\e groups, he at once secured the friend¬ 
ship and close alliance of the power¬ 
ful Pech and Chel lords and later the 
alliance of the Xiu of Mani. An attempt 
was made to win the warlike Cupules by 
peaceful means upon the founding of 
Ciudad Real at Chichen Itzd, but with¬ 
out lasting success, and they and other 
groups of the central area soon united 
to drive the Castilians from the region 
The Pechos, Cheles and Xiu, notwith¬ 
standing the defeat of the Castilians, 
remained their faithful allies 

On reaching Campeche at the open¬ 
ing of the final conquest, Montejo the 
Younger, pursuant to the formal instruc¬ 
tions given him by the Adelantado, called 
the caciques of the province before him 
and received their allegiance, and either 
at this time or shortly after, certain of the 
Pech rulers and representatives of the 
Xiu also gave allegiance Lords of these 
two latter groups reaffirmed their accep¬ 
tance of Castilian dominion at later dates, 
the Xiu renewing their close alliance, and 
Chel and other rulers also voluntarily 
came to obedience Certain of the lords 
of Acanul refused to heed the original 
summons, and were quickly forced to 
accept Castilian dominion The peoples 
of the area of Merida, founded on the 
rums of the once great city of T-h6, how¬ 
ever, rejected the Castilian demands and 
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resisted stubbornly, despite persistent 
efforts to win them to peace, and were 
reduced only after extensive military 
operations After the district had been 
pacified, great efforts were made to estab¬ 
lish a condition of stability, and, as many 
Indians had abandoned their towns, a 
carefully planned system of trade and 
supply was established to accustom the 
natives to the Spaniards, lessen their 
fear and induce them to return to their 
homes This policy achieved consider¬ 
able success 

Montejo the Nephew was designated by 
the Adelantado to conduct the conquest 
of the central and eastern cacicdzgos, 
which included the most warlike of the 
Maya, the Cupules and the people of 
Cochuah. He and his captains strove to 
secure the peaceful reduction of the dis¬ 
tricts concerned, with success in the prov- 
mces of Chikinchel, Ekab and Cozumel 
and limited results in the province of the 
Tazes, but with utter failure m the cact- 
cazgos of the Cupules and Cochuah The 
Cupules and the people of Cochuah of¬ 
fered fierce resistance, rising repeatedly, 
and it was only after prolonged and bitter 
warfare that Montejo the Nephew, with 
the cooperation of Montejo the Younger, 
overcame them 

It can be stated that in the mam the 
Montejos made war only after all methods 
to win the Indians by peaceful means had 
been exhausted, and, upon the failure of 
such efforts, after the requerimiento had 
been issued and rejected, or in defence 
In other words, they consistently waged 
just war as defined by the Crown and in 
accord with the ordinances and policies 
of the sovereign. More than half of Yu¬ 
catan, mcluding certain of the most 
populous areas, was won by peaceful 
means or with but slight military effort, 
only the provinces of Chak&n, Sotuta, the 
Cupules, Cochuah and Uaymil-Chetemal 
resisting to the end As has already been 
indicated, such policies were, over and 
above being legal obligations, in con¬ 


sonance with the desires, aims and charac¬ 
ters of the Montejos The conquest was 
consequently achieved, with the exception 
of the reduction of the provinces of 
Uaymil-Chetemal, with a minimum of the 
harm to the natives which accompanied 
the subjugation of many parts of the 
Indies There were specific instances of 
ruthlessness, to be sure, but they were 
relatively few and isolated For instance, 
during the final campaigns, in Cochuah 
and the province of the Cupules a num¬ 
ber of women and children were held as 
hostages or for enslavement, a limited 
number of natives taken with arms were 
hanged, and certain religious and polit¬ 
ical leaders of the Cupul center of Zaci 
and of other areas were apparently 
executed summarily by Montejo the 
Younger and Montejo the Nephew and 
their chief lieutenants, and, m the area 
of Merida, a subordinate captain, act¬ 
ing wholly on his own initiative, im¬ 
prisoned a number of prinapales in a 
house, whu'h was then burned, the na¬ 
tive lords perishing The only campaign 
which was accompanied by systematic 
ruthlessness of a wholly wanton nature 
was that of Caspar Pacheco, his son Mel- 
chor and his nephew Alonso in Uaymil- 
Chetemal Caspar Pacheco was commis¬ 
sioned directly by the Adelantado to re¬ 
duce the southern provinces, and, falling 
ill after initiating operations, he placed 
the conduct of the campaign m the hands 
of his son and his nephew This conquest 
was one of extreme excesses The natives, 
who resisted stubbornly, were slaughtered 
without mercy and the provmce was laid 
waste Many of those of the natives who 
succeeded m escaping fled beyond Castil¬ 
ian control Relatively heavily peopled 
at the outset, the area became largely de¬ 
populated Monteje the Younger and 
Montejo the Nephew did not approve the 
acts of the Pachecos, but had no control 
over them, as they held authority di¬ 
rectly from the Adelantado, who was 
absent in Honduras-Higueras The re- 
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duction of Uaymil-Chetemal as con¬ 
trasted with that of the remainder of the 
peninsula makes clear in striking fashion 
the manner in which differences in the 
characters and purposes of individual 
conquistadores could determine the na¬ 
ture and methods of conquest 

During the Maya revolt of 1546, which 
centered in the province of the Cupules, 
the Adelantado, Montejo the Younger 
and Montejo the Nephew continued, in 
the mam, their moderate policies, even 
in face of the greatest provocation, as 
the natives killed all Castilians and In¬ 
dians friendly to them who fell into their 
hands In this instance, however, the 
sole one as far as can be ascertained, the 
AdclantadOy after inquiries had been con¬ 
ducted, caused some five or six of the 
religious-political leaders of the revolt to 
be burned After the suppression of the 
revolt he convoked the cactques of a wide 
area at Merida and sought to win them 
to friendship, solidify peace and lestore 
normal conditions It is to be noted, 
furthermore, that the captain despatched 
by Montejo the Nephew to quell the re¬ 
volt in the southern provinces was m his 
instructions specifically directed to se¬ 
cure obedience by peaceful means if pos¬ 
sible This he succeeded in doing 
The cruelties and excesses incident to 
the conquest and pacification were made 
the subject of charges, many highly ex¬ 
aggerated, placed before the Crown by 
the political enemies of the Montejos in 
Yucatan and the Franciscans and 
through the residencta of the Adelantado 
These charges were utilized by the sov¬ 
ereign in removing the Adelantado, his 
son and his nephew from authority 
Enslavement of natives in accord with 
then current royal ordinances was au¬ 
thorized by the capttulacion of 1526, but 
such practice was later forbidden by the 
Crown and was definitively prohibited by 
the New Laws While enslavement of 
natives taken in war was carried out m 
Yucatan, the numbers involved do not 


appear to have been great In this the 
Montejos observed the royal ordinances 
regulating enslavement which were in 
effect in 1526, although standing on the 
provisions of the capttulacton, they car¬ 
ried on the practice after it had been for¬ 
bidden by ordinances which the Crown 
intended to be of general application 
During the first phase of the conquest 
slaves were apparently taken on the east 
coast by Davila after Montejo had de¬ 
parted for New Spam, but they could 
not have been many in number, nor 
would it appear that, becaase of the iso¬ 
lation of the expedition, they could have 
been taken from the peninsula In the 
second phase of the conquest slaves as¬ 
sumed definite economic importance in 
view of the lack of gold and silver m Yu¬ 
catan, and Indians were enslaved in 
unknown numbers Some were shipped 
to New Spam, but acting in conformance 
with the changed policy of the Crown, the 
And'iencia freed them The Adelantado 
was thereafter unable to secure specific 
oflScial permission to enslave natives, de¬ 
spite his petitions, which were based on 
the patent of 1526 During the course 
of the final conquest, notwithstanding 
Crown policy, natives were again en¬ 
slaved for economic reasons Ultimate 
approval by the Crown was obviously 
hoped for. The colonists desired to con¬ 
duct an unlimited slave trade, but Mon¬ 
tejo the Younger, despite pressure and 
dissatisfaction with his policy, refused to 
sanction such practice and strictly lim¬ 
ited the commerce through licenses. 
Moreover, he freed a number of women 
and children who had been held for offi¬ 
cial branding A certain number of 
slaves were sent to New Spam under 
the policy of Montejo the Younger, but 
they were immediately liberated by the 
viceroy Incomplete hacienda records 
mdicate but 241 as the number of slaves 
legally branded duruig the final conquest 
The question of enslavement without 
branding remams open, however, and it 
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is clear that slaves were sold within Yu¬ 
catan During the Maya revolt Indians 
appear to have been enslaved, especially 
by native auxiliaries under their own cus¬ 
toms After the conclusion of the revolt, 
however, the Adclantado, in conformance 
with royal legislation, freed such natives 
as had been made slaves 

Charges that tens of thousands of slaves 
were taken from Yucatan during the 
course of the conquest were brought 
against the Montejos from several sources, 
and in the residencia of the Adelantado 
It was charged that great numbers'' 
were enslaved during the final conquest 
and the Maya revolt These latter 
charges when examined reveal that the 
actual figures indicated by those who 
testified in the rcndencm do not exceed 
two to three thousand Such docu¬ 
mentary sources as exist indicate that 
relatively few Indians were enslaved in 
Yucatan, that m enslaving natives the 
Montejos, acting on the capitulacum of 
1526, observed the ordinances regarding 
slavery which were in effect when the 
patent was granted, and that, when it was 
made clear that the Crown intended that 
the prohibition of enslavement should 
apply generally, they complied 

True colonization and political and eco¬ 
nomic development were throughout the 
objectives of the Adelantado, his son and 
Ills nephew In his petition to the Crown 
for authority to conquer and colonize Yu¬ 
catan the Adelantado emphasized his 
belief that it was strategically located 
with regard to the development of trade 
and the expansion of efforts for general 
reduction and settlement Over and 
above that, he stated his mistaken belief 
that the land was rich in gold The first 
expedition to Yucatan consisted of some 
250 to 300 men, exclusive of manners, and 
shortly after reaching the east coast the 
Adelantado caused his ships to be wrecked 
to prevent possible retreat and to add the 
sailors to his forces Furthermore, en 
route to Yucatan he arranged that sup¬ 
plies and reinforcements be sent from 


Santo Domingo. Upon reaching the east 
coast, he immediately founded the town of 
Salamanca, and, as the location was un- 
healthful and the anchorage inadequate, 
he thereafter made every effort to locate 
favorable sites for permanent settlement 
and port facilities, passing to the distant 
R’o de Ulua in his search The transfer 
of operations to the west coast was prima¬ 
rily determined by the desire for facile 
communication with the large centers of 
colonization m New Spain and the exis¬ 
tence of adequate harbors in Tabasco 
Upon being given authority over Tabasco, 
he pacified the province and preserved it 
from abandonment as a condition essen¬ 
tial to the colonization of the peninsula 
During the second phase of the con¬ 
quest the Adelantado disposed, from first 
to last, of from four hundred to five hun¬ 
dred men Two towns, Salamanca, at 
Campeche, and Villa Real, at Chetemal, 
and one “city,” Ciudad Real, at Chichen 
Itzd, were founded Villa Real, from 
which the Spaniards were soon driven, 
was established with tliiity to fifty vc- 
ctnos, or citizens, by Alonso Davila, and 
Ciudad Real, established by Montejo the 
Younger, with one hundred to two hun¬ 
dred vecinos, was transferred to the port 
of Dzilan, on the north coast, when the 
Spaniards were driven from the interior. 
The number of eolonists in Salamanca, the 
base of operations, varied from about fifty 
to perhaps one hundred Some three hun- 
died to four hundred soldier-colonists 
were involved in the final conquest, and 
by 1545 San Francisco de Campeche had 
perhaps fifty vecinos, Morida over one 
hundred, Valladolid between thirty and 
forty, and Salamanca de Bacalar per¬ 
haps fifteen to twenty In 1533, when 
the colonization of Yucatan seemed as¬ 
sured, the Adelant fdu and municipal 
governments, to further permanent set¬ 
tlement and development, petitioned the 
Crown for confirmation of the tempor¬ 
ary exemptions from certain taxes and 
duties and for confirmation of the privi¬ 
leges and grants of land as stipulated 
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in the capitulacidn of 1526, and this 
action was repeated upon the final con¬ 
quest, the Crown assenting The attempt 
of the Adelantado to settle the area of the 
Golfo Dulce, his final effort of coloniza¬ 
tion, and one to which he attached great 
importance, placing its conduct in the 
hands of his son and his nephew, appears 
to have been directed primarily toward 
commercial development, as Nueva Se¬ 
villa was established on the route be¬ 
tween the North Sea and Guatemala, 
which the Crown had considered estab¬ 
lishing as that which should supply the 
latter province and adjacent areas 

The founding of towns was carried 
out according to fixed legal formulae 
The highest authorities directly involved 
named the original members of the munic¬ 
ipal government, the principal of whom 
were the alcaldes, regtdores and algua- 
cites, citizenship was formally granted, 
the town was laid out, plots, solares and 
caballertas were assigned to each vectno 
for his dwelling and for agricultural pur¬ 
poses, communal lands were set apart, the 
district of the town was delimited, and the 
Indians were partitioned among the citi¬ 
zens in encomtenda. The erection of pub¬ 
lic buildings, churches and dwellings was 
earned to a conclusion as rapidly as pos¬ 
sible, Indians supplying the labor. 

The members of the expeditions with 
which the Adelantado conducted the first 
two phases of the conquest were primarily 
adventurers who desired sudden wealth 
Early in the second phase it became ap¬ 
parent that Yucatan possessed no gold 
and silver and that it was purely an agri¬ 
cultural province in which the settlers 
would be forced to be content with en- 
comtendas and with haciendas, simple in¬ 
dustry and commerce, which required 
solid and prolonged effort and a true 
colonizing spirit Yucatan was regarded 
as a “poor province“ by the soldiers 
These factors were the fundamental 
causes which led to the failure of the sec¬ 
ond phase of the conquest The Adelan¬ 


tado himself, it must be stated, was keenly 
disappointed at the absence of precious 
metals With the experience of 1531 to 
1535 before him, it appears that the Ade¬ 
lantado and Monte jo the Younger made 
definite efforts to secure for the final con¬ 
quest soldier-colonists who would be con¬ 
tent with encomiendas and would put 
forth efforts to develop agriculture, graz¬ 
ing, industry and commerce. Indeed, 
the reputation of Yucatan as a “poor 
province” was widespread and impeded 
the ready procurement of men for the 
final conquest Those who did present 
themselves consequently tended to be of 
stable character and of a truly colonizing 
type A considerable proportion were 
already married, and many others mar¬ 
ried shortly after the conquest. There 
were some, notwithstanding, who after 
the founding of M6rida, desired to 
leave the province, but such action was 
forestalled by Monte jo the Younger. 
Cattle, sheep, hogs, horses and mules 
were brought in and European trees, 
fruits, grains and vegetables were in¬ 
troduced, although an effort to raise 
wheat failed because of the climate Ha¬ 
ciendas quickly developed, commerce, 
through New Spain, slowly evolved, and 
simple industry was given a start, the 
Adelantado himself establishing a sugar 
mill at Champot6n, which he held in 
encomienda, and certain colonists intro¬ 
ducing indigo culture and experimenting 
with the production of dyes from the 
polo de Unto 

The encomienda assumed special im¬ 
portance With respect to the assurance of 
permanent colonization in an agricultural 
province such as Yucatan It was the 
principal means to which the conquista- 
dores and colonists could look to secure 
reward for their efforts and assure their 
immediate sustenance and maintenance 
The institution connoted at first service of 
the encomendero, or grantee, by the In¬ 
dians designated, and the giving of trib¬ 
ute in kind and in products of native 
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industry. The encomendero was under 
legal obligation to protect the natives 
assigned to him, further their Chris¬ 
tianization, and raise them to a higher 
level of culture Service took the form 
of labor on haciendas and m such indus¬ 
trial establishments as were developed, 
burden-bearing and household service, 
and tributes consisted principally of 
maize, beans, chickens, turkeys, honey, 
wax and textiles, the latter in the 
form of mantas The agricultural prod¬ 
ucts gave the encomendero and his 
family their sustenance, and surpluses 
could be sold or exchanged, and the 
mantas were shipped to New Spam to be 
sold or exchanged or were employed in 
barter in Yucatan itself. Service of the 
encomendero was soon eliminated by royal 
legislation, and tribute, which was origi¬ 
nally determined by the encomendero, be¬ 
came fixed officially by superior agencies 
of the royal government Although the 
Adelantado drew up a tasacion, or 
taxation of tribute, in the late 1540’s, 
it was not placed m effect, and the 
first official assessment promulgated was 
that formulated in the early 1550 ^s by 
Tomas L6pez, an oidor of the Audiencia 
of Guatemala The repartimicntos of the 
natives following the final conquest, in 
view of their importance to the colony, 
were made with extreme care by Montejo 
the Younger and Montejo the Nephew 
It should be pointed out, furthermore, 
that the number of natives available for 
assignment in encomienda m the period 
of initial colonization to a considerable 
extent determined the location and size of 
towns, as the number of citizens who could 
be supported in any given town depended 
on the numbers of the Indians in its dis¬ 
trict After colonization had become per¬ 
manent, and upon the elimination of ser¬ 
vice in its relation to the encomienda, the 
Indians were employed m burden-bearing 
as free laborers, a practice which led to 
many abuses and serious political, social 
and economic problems. 

The Christianization of the natives and 


the establishment of the Church, as basic 
objectives of the Crown, gave rise to 
fundamental social and political prob¬ 
lems The social and political systems of 
the Maya were integrally united with the 
religious, and the destruction of the re¬ 
ligion of the Maya also signified the 
destruction of their political and social 
forms 

In 1519, upon the recommendation of 
the Crown following the discovery of 
Yucatan by Hem&ndez de C6rdoba, the 
Pope created the bishopric of Santa Maria 
de los Remedies de Yucatdn as suffragan 
of the metropolitan see of Seville Fray 
Julian Garc6s was appointed bishop, but 
did not assume office, as the lands were 
not occupied After the conquest of 
Mexico limits were assigned, and Garces 
then occupied the see, fixing its seat at 
Tiaxcala With the erection of the dio¬ 
cese of Guatemala, Chiapas, hitherto 
under the jurisdiction of Tiaxcala, was 
placed within its limits, and in 1538 
Chiapas was erected into an indepen¬ 
dent bishopric, Yucatan and Tabasco be¬ 
ing placed within its jurisdiction Juan 
de Arteaga, appointed first bishop of 
Chiapas, died before reaching his see, and 
Las Casas was the first actually to occupy 
it. The latter thus exercised jurisdiction 
over Yucatan and Tabasco In this con¬ 
nection, it IS of interest to note that, in 
view of the failure of the Adelantado to 
colonize Yucatan between 1531 and 
1535, Arteaga had been authorized to 
achieve the peaceful reduction of Yuca¬ 
tan, especially in light of the appar¬ 
ent success of the Dominicans in Vera 
Paz No practical steps m this direction 
were taken, however Upon the final 
colonization of Yucatan, the Church soon 
assumed a definite organization and 
within a few years the province was 
erected into an independent bishopric 
It should be emphasized that the sov¬ 
ereigns exercised great influence over 
the Castilian Church, and in the In¬ 
dies, through the grant of the patro- 
nato by the popes, the Church was so 
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closely controlled by and allied with 
the Crown as virtually to constitute 
an arm of the government The Church 
hence wielded great political, as well as 
religious, authority in the New World 
The Adelantado, in connection with his 
broader projects, and in accord with the 
general religious policies of the Crown, 
had from an early date desired that 
Yucatan be created into an independent 
bishopric In 1533 petitions in that 
^ense were placed before the Crown, and 
it appears that the sovereign proposed 
to take favorable action After the final 
conquest similar petitions were sent to 
the Crown by the Montejos, the munici¬ 
pal governments and the clergy 

In accord with his patent, the Adelan¬ 
tado in 1527 took with him to Yucatan two 
members of the regular clergy and one of 
the secular, the latter, Juan Rodriguez de 
Caravco, serving as his chaplain There 
is little information concerning efforts to 
Christianize the natives during the east 
coast entrada, however, although Rod¬ 
riguez de Caraveo may have attempted to 
carry on such work This cleric accom¬ 
panied Montejo during the second phase 
of the conquest and appears to have 
accomplished a certain amount of work 
directed toward Christianization He 
sought appointment as bishop of the see 
which it was anticipated would be erected 
During the period of the final conquest 
and initial colonization a number of 
secular clergy entered Yucatan, but the 
extent to which they sought to Christian¬ 
ize the natives is not clear 

The indoctrination of the Indians of 
Yucatan was primarily the work of mem¬ 
bers of the Franciscan Order Accounts 
concerning the first arrival of the Fran¬ 
ciscans m Yucatan are not conclusive 
Ecclesiastical accounts relate that after 
the failure of the Adelantado to colonize 
the peninsula between 1531 and 1535 a 
group of Franciscans from Mexico estab¬ 
lished themselves at Champotdn and were 
making rapid progress when a party of 


soldiers arrived, destroying their work 
and forcing them to leave the area. These 
accounts are not verifiable on a docu¬ 
mentary basis at the present time, how¬ 
ever 

The Franciscans permanently estab¬ 
lished themselves in Yucatan in 1545, and 
secured exclusive authority for the exer¬ 
cise of the doctrina in the province In 
the year mentioned, one group of four 
arrived from Guatemala, coming with the 
approval of the Adelantado, and an¬ 
other group of the same number reached 
the peninsula from Mexico The most 
outstanding of these, all of whom were 
of high character and fired with mis¬ 
sionary zeal, were Luis de Villalpando 
and Lorenzo de Bienvenida Montejo 
the Younger welcomed the friars, co¬ 
operated with them in every manner 
and sought to further their work He 
convoked the cactques, informing them of 
the purpose of the Franciscans and ad¬ 
monishing them to give heed to their 
teachings, and gave material aid to the 
friars in various ways 

The friars immediately achieved great 
success Indeed, this success appears to 
have been one of the principal causes of 
the revolt of 1546, which was as much 
religious as it was political, the native 
priests fully comprehending that the en¬ 
tire structure of Mayan society, and with 
it their religious and political influence, 
was doomed with the permanent estab¬ 
lishment of Castilian dominion The 
revolt tempoiarily interrupted the work 
of the Franciscans, but after its suppres¬ 
sion they resumed their task with in¬ 
creasing results Some 28,000 natives 
are said to have been baptized in the 
area of San Francisco de Campeche alone 
In 1549 the first provincial chapter was 
held, and with it the order assumed defi¬ 
nite organization in Yucatan Further 
friars were brought to the province, con- 
ventos were soon erected at Merida, 
Izamal, Conkal and Mani, and schools 
were established to tram the sons of the 
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cactques Villalpando undertook the 
study of the Maya language to facilitate 
indoctrination, and produced a diction¬ 
ary* a grammar and a catechism Within 
a short space of time the Franciscans 
had extended their work throughout the 
peninsula 

The Montejos desired to aid in the 
establishment of the Church, further the 
Christianization of the natives, and pro¬ 
mote harmonious cooperation between the 
secular and spiritual arms The Adelan- 
tado sought the advice of the Franciscans 
in government, Fray Nicolds de Alba- 
late, especially, becoming his trusted ad¬ 
viser, and Montejo the Younger was 
commended by contemporary clergy for 
his attitude toward the Church and the 
doctnna Inevitable controversy oc¬ 
curred, however, between the civil gov¬ 
ernment and the clergy, even before the 
Adelaniado was removed from office, and 
certain of the Franciscans joined in the 
charges of inisgovernment against him 
which were sent before the Crown More¬ 
over, controversy arose between the secu¬ 
lar and regular clergy concerning their 
respective functions, in which the civil 
government at times became involved, and 
quarrels developed between the enco- 
menderos and the friars concerning 
methods of indoctrination and the treat¬ 
ment of the Indians The establishment 
of the Church and the Christianization of 


the natives, furthermore, as has already 
been suggested, struck at the very founda¬ 
tions of the native culture, and through 
the attempt to destroy the religion of the 
Indians and replace it with Christianity 
fundamental religious, social and political 
problems were created, problems which 
to-day remain unsolved 

In concliLSion, it can be stated that the 
Adelaniado, Moiitejo the Younger and 
Montejo the Nephew, who proved them¬ 
selves true builders of empire, assume a 
high place among the conquerors and 
administrators who won the Indies for the 
Crown of Castile Basing their activities 
on the policies and purposes of the Crown, 
with which they themselves were in full 
accord, they throughout sought to achieve 
the permanent colonization of the lands 
they conquered m name of their sover¬ 
eign and to lay the foundations for the 
political and economic development of 
those lands This they accomplished after 
prolonged effort and despite many diffi¬ 
cult obstacles, and when they were re¬ 
moved from authority they left to the 
Crown a Yucatan in which Castilian do¬ 
minion and permanent settlement had 
been assured, in which the bases of future 
development had been firmly established, 
and in which the foundations for the 
Christianization of the Indians and the 
full organization of the Church had been 
well laid 
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Taxonomy is the science and art of 
classification applied to organisms Like 
medicine it exhibits two phases It is an 
art m the sense that its system finds im¬ 
mediate and practical application as a 
tool in other areas of scientific inquiry; 
the practitioners of the art are largely 
concerned with nomenclature and the 
system itself regardless of the implica¬ 
tions which he within it It is a science 
in the sense that it consists of an orderly 
array of related facts which its practi¬ 
tioners approach in a spirit of inquiry, 
rejecting dogma Rational and com¬ 
municable judgments are made from 
these facts, which, since they deal with 
the products of evolution, serve to illumi¬ 
nate that process Not all its judgments 
are rational and communicable, however 
For taxonomy deals with the forms of 
organic nature, perception of which is 
intuitive, that is immediate and without 
conscious reasoning Its judgments are 
therefore frequently intuitive and, while 
they may be capable of formulation, are 
incapable of demonstration Such judg¬ 
ments depend for their value upon the 
experience of the investigator with the 
forms he is investigating and upon his 
discernment In this respect taxonomy, 
like other sciences, is closely akin to cre¬ 
ative art (as distinguished from that of 
the artisan as defined above) As time 
passes and as experience with the subject 
accumulates, new technics are developed 
whereby intuitions are confirmed and 
brought to general acceptance It is im¬ 
portant to understand that, as in other 
domains of scientific inquiry, both ra¬ 
tional and intuitional processes are em¬ 
ployed and that intuition plays an im¬ 
portant and necessary part m the method 


of taxonomy. It is partly the purpose of 
this paper to clarify the role played by 
each 

It IS the essence of classification that 
the objects to be classified be recognized 
and arranged according to a plan It 
shall accordingly be our first step to de¬ 
fine the organic entities which we pro¬ 
pose to classify, wc shall then decide upon 
the plan for our system of classification 
and upon the procedure we shall employ 
to attain this plan. Our goal is an 
ambitious one and not easily attained 

All attempts at the classification of or¬ 
ganic nature are completely dominated 
and conditioned by the discontinuous 
variation which is its striking attribute. 
By the very phrase ^‘organic nature^' we 
signify a discontinuous and complex pat¬ 
tern. The living world is in constant 
reaction with the non-living world, now 
modifying its surroundings, now being 
changed by them As a result of this 
interaction, as we shall see, the pattern 
of variation is highly discontinuous, not 
only at any time level, but along the 
course of time Individuals appear and 
die. Not only are they discrete from 
each other, they are discrete from their 
parents The discontinuities do not cease 
here, rather, they begin The pattern is 
such that these individuals are cut off 
into more or less discrete groups which, 
by and large, we term species These 
species may be gathered together into 
constellations which we call genera, and 
so on But in the other direction of 
magnitude, each individual may be re¬ 
solved into a system of discrete cells and, 
it would seem, into a system of discrete 
genes It may be said, therefore, that 
organic form exists at four levels of or- 
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ganization genic, which is perhaps mo¬ 
lecular, cellular, individual and specific. 
The elements of each level are approxi¬ 
mately of the same order of magnitude, 
and by their interactions each produces 
an organic complex at that level It is 
our purpose to deal with the last of these 
complexes, the specific; this may be 
viewed as the ultimate organism in which 
the components have actual physical 
contact and continuity 

This pattern is an amazing one, the 
more so since it is subject to constant 
change It can not be said to have lent 
itself readily to classification Yet, de¬ 
spite complexity, the living world is not 
chaotic and unformed, on the contrary, 
it IS coherent, it has orientation and it 
is capable of a rational and systematic 
explanation But it is complex, and the 
fact of this complex and discontinuous 
pattern requires methods of classification 
and view-points which are impossible or 
unnecessary in other realms of science 
Perhaps we may gam perspective of this 
pattern if we compare the elements of 
which it IS composed with the elements 
of classification in physical phenomena 
The elements of physics may be said to 
be four—space, time, mass and energy 
Although it IS true that modern physics 
deals with problems which involve dis¬ 
creteness m treating these elements, 
nevertheless the units thus employed are 
so small that for most purposes the ele¬ 
ments of physics may still be approached 
from the point of view of continuity 
Each of these elemental concepts there¬ 
fore implies homogeneity; any variation 
found within them is therefore continu¬ 
ous. Each concept embraces infinity, 
the whole can not therefore be grasped. 
In order that these phenomena may be 
grasped and studied it is necessary to 
select units which will be convenient for 
the purpose at hand. Since nature pre¬ 
sents in this aspect a continuous pat¬ 
tern of variation the units chosen are 


quite frankly quantitative and arbitrary. 
There is no alternative. It should be 
borne m mind that a unit is a device for 
enumeration, and, within any designated 
context, implies identity of quantities or 
measures Any unit of measure is iden¬ 
tical with any other such unit; a meter 
here is a meter there In consideration 
of these facts it is apparent that in 
physics, as compared with the organic 
world, the systems to be studied and 
classified are comparatively simple or 
may be made so in the sense that the 
number of variable factors to be dealt 
with may be controlled for the purpose of 
experiment The relationships between 
these variables are simple and of such an 
order that they may commonly be ex¬ 
pressed in simple mathematical equations. 
The whole procedure is rational save for 
the initial recognition of the elements 
It IS conceivable that some such simple 
methods of classification might be applied 
to the complex world of organisms Let 
us, for the sake of illustration, undertake 
to classify all organisms according to 
some simple method, as, for example, the 
number of cells of which each is com¬ 
posed Upon reflection it will be seen 
that such a procedure would be merely 
to catalogue all individuals according to 
a single fact and, if one may hazard a 
guess, the result would probably be a 
continuum Under no circumstances 
could it be said to produce a classification 
which would reveal or correspond to that 
pattern of variation which is the most 
striking attribute of organic nature We 
therefore reject such methods We accept 
the existence of a tremendously complex 
and discontinuous pattern of variation. 
We undertake to portray these complex 
variations We agree to search within 
the organic realm itself for the elements 
—the species—of which it is composed, 
which, being found, will permit an analy¬ 
sis of its complexities In this sense 
our species correspond to the four ele- 
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ments of the physicist or the somewhat 
more numerous elements of the chemist 
It IS important to remember that such 
elements are not units One frequently 
hears the species spoken of as the funda¬ 
mental units of taxonomy. They are 
the elements of taxonomy but not the 
units, for they are from their very nature 
non-identical In the organic world the 
number of such elements is very great 
Furthermore, from the nature of their 
origin, they are complex, far more so 
than the elements of the inorganic world 
Let us now ascertain by what mental 
processes we recognize these elements 
Prom the time of Theophrastus and 
Aristotle, which is to say, from the earli¬ 
est attempts at a conscious rational or¬ 
ganization of the facts of natural history, 
the recognition of organic elements, the 
species, has been based upon form, that 
IS, upon morphological resemblances be¬ 
tween individuals It is important to 
note that even in its primitive state this 
procedure takes into account resem¬ 
blances, not in single attributes, but in a 
summation of attributes A shepherd 
distinguishes his collie from one of the 
sheep by a modal association of attributes 
He does not stop to examine dentition or 
to compare tail-lengths or the quality of 
the hair He perceives the whole form 
Only the seven blind men were unable 
to perceive the whole form of the ele¬ 
phant A child, having once become ac¬ 
quainted with his dog, thereafter recog¬ 
nizes the class despite the diversity of 
dogs His mind, unknown to him, has 
summed up the characteristics which go 
to make up his perception of “dog “ 
His mind has grasped one of the elements 
of organic form by an intuitive process. 
We may well forgive him, if at the zoo he 
confuses dog and coyote, that is due to 
inadequate experience with the various 
aspects of Cams Our minds, reinforced 
with far greater experience in this area 
but still following the same intuitive 


process, continue thus to recognize the 
elements of organic form However, it 
should be noted that our immediate per¬ 
ception on another level has been rein¬ 
forced by the experiences which we have 
had, each of which may have been fol¬ 
lowed by conscious systemization Lan¬ 
guage IS the bridge by which we have 
passed from the intuited to the analyzed 
form In this way, given sufficient ex¬ 
perience with dogs and coyotes, we are 
able, when we meet with the fox, even 
though he be but a single individual, to 
predict the existence of a new discon¬ 
tinuity, a new element of organic form 
It is important to observe that in recog¬ 
nizing the elements of organic form we 
are recognizing modal associations of 
morphological attributes Let us under¬ 
stand more clearly what is meant thereby 
In recognizing the species which we call 
dog, we recognize that there is an array 
of individuals in the world which are of 
a certain form, have hair, walk and run 
With a motion which presupposes certain 
correlations of bone and muscle, and so 
on “Dog“ connotes the modal, the 
ordinary, the usual development and as¬ 
sociation of these characteristics If we 
consider hairiness alone a Mexican hair¬ 
less would not be modal As dogs go it 
would he near one extreme of our array 
of dog hairiness If we consider size 
alone a St Bernard could not be con¬ 
sidered modal, it would lie at one ex¬ 
treme of our range of dog size In this 
fashion we might resolve our percept of 
dog into any number of attributes We 
probably should find that only mongrels 
could be said to he near the mode for all 
these attributes If we wished to obtain 
a modal likeness of “dog“ we might 
make a composite photograph of several 
breeds superposed one upon the other 
Thus might we see our ideal or modal 
dog Dog, in other words, is the highest 
common denominator of all previously 
recognized dogs. In this paragraph we 
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have for purposes of explanation been 
consciously analyzing our percept of dog. 
Let it be clear, however, that it was origi¬ 
nally gamed largely through intuition, 
not through rational processes There 
18 apparently no rational way at present 
to do this Any quantitative approach 
will still depend upon an intuitive selec¬ 
tion of the attributes to be quantized 
In the preceding paragraphs we have 
discussed the methods whereby we recog¬ 
nize certain natural modes of variation 
which were termed the elements of or¬ 
ganic form For purposes of illustration 
we have used the term ‘‘species’* as 
synonymous with such elements, and it 
is true that these terms usually have the 
same connotation We believe, however, 
that species are formed by a gradual pro¬ 
cess and that at any given time-transect 
we may find species m the process of 
becoming In such cases entities may be 
perceived which are subspecific These 
subspecific entities are recognized by 
modal associations of attributes in the 
same way that the specific modes are 
lecognized At the same time, we de¬ 
limit them and relate them, as we do 
sjiecies, by rational processes However, 
it must be borne in mind that while we 
recognize them as modes of variation, 
species in natuie are actually much more 
than that They embrace the whole range 
of associated attributes They might be 
viewed as constellations of gene-com¬ 
plexes which have been delimited by 
natural processes Of these constellations 
some are comparatively diffuse, m the 
sense that the gene-complexes are equally 
distributed within the species The vari¬ 
ation of such a species might be expressed 
as a narrow and sharp curve In others 
the gene-complexes might be thought of 
as being more localized within the specific 
population but forming a continuous 
spectrum The variation of such a species 
might be expressed as a broad and 
rounded curve The symmetry of such 


curves would depend upon the degree to 
which such complexes were diffused 
within the population In still others 
the gene-complexes might be thought of 
as being localized and, because of barri¬ 
ers, prevented from diffusion In such 
species the variation might be expressed 
as a multimodal curve, each mode corre¬ 
sponding to a subspecific entity 

Let us assume now that we have recog¬ 
nized not only two of the elements of 
nature, the dog and the coyote, but many 
similar ones We have fidfilled our first 
requirement We come now to the sec¬ 
ond—arrangement according to a plan; 
that IS, we undertake to relate our ele¬ 
ments Contrary to the intuitional pro¬ 
cedure of the first phase, our procedure 
in the second phase is rational It con¬ 
sists first of analj-sis, second of synthesis 

It has been emphasized that our per¬ 
cepts of the organic elements take the 
foim of modal associations of morpho¬ 
logical attributes We perceive constel¬ 
lations of physical attributes In order 
to compare su(*h complex modes it is 
necessary first to resolve them into at 
least some of their component parts We 
inquiie now for the first time “Wliat 
makes this being a dog, what makes this 
other being a coyote?” Our answer is 
exfiressed m an analysis of the attributes 
winch arc associated in the mode This 
analysis may be qualitative or quantita¬ 
tive and IS susceptible of both experi¬ 
mental and statistical treatment Because 
of the complexities which are inherent m 
biology the development and application 
of experimental and statistical methods, 
as well as their codification, has been 
mneh slower than in some other branches 
of science 

Having completed such an analysis and 
having learned to some extent why our 
minds should have called this creature a 
dog and tliat a coyote, we then proceed to 
compare them and arrange them accord¬ 
ing to a plan That plan is based upon 
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phylogeny. By this we mean a causal 
explanation of the facts of variation. 

The day is not long past when it was 
believed that each species was an act of 
special creation and relatively immutable 
The discontinuity of organisms was per¬ 
ceived but not their phylogeny. The 
reason which was advanced to account for 
the discontinuities, namely, that of spe¬ 
cial creation, precluded the possibility 
of any marked historical changes within 
the species But with the breaking 
through of the idea of evolution and upon 
its final acceptance, it became clear that 
this discontinuous pattern of the organic 
world was conditioned by the forces of 
evolution Thereupon we agreed that 
our plan of classification should reflect 
not only the spatial but the temporal 
and dynamic aspects of the pattern as 
well In one sense, such a classification 
would be static It would be like a photo¬ 
graph of a runner in action Yet it is 
possible to arrange the elements of our 
classification in such a way that they will 
reflect in some degree the dynamic pro¬ 
cesses of their origin A series of photo¬ 
graphs projected rapidly upon the screen 
will produce the illusion of movement. 
It is this illusion which we seek to attain 
m systematic botany when we base our 
system upon phylogeny 

Having resolved into their components 
the associations of characters which con¬ 
stitute an element, our next step is to 
compare those from each mode which we 
have reason to believe have the same 
phylogeny, that is to say, those which 
have developed from the action of the 
same gene or genes Such comparisons 
may be either qualitative or quantitative 
and are susceptible to experimental and 
statistical treatment Our experience 
will suggest that certain characteristics 
are more significant than others If, of 
these, a large proportion are similar we 
postulate a relative closeness of relation¬ 
ship ; if only a small proportion, we pos¬ 


tulate a distant relationship We assume, 
and there is good reason for our assump¬ 
tion, that the degree of relationship is 
generally expressed in the degree of 
morphological resemblance. 

It must be remembered, however, that 
the idea of morphological resemblance 
implies dissimilarity as well as similarity. 
No two organisms are completely dissimi¬ 
lar, nor are they identical. Let us ex¬ 
amine the way in which we ordinarily 
employ this fact We say that we assign 
species to a given genus or individuals to 
a given species because of resemblances 
to other members of that genus or species 
Yet we say that we distinguish between 
genera and between species because of 
dissimilarities This is very confusing, 
for we have no criterion of morphology 
for determining how similar or dissimilar 
any organism must be m any given case 
of classification 

Again, the ideas of similarity and dis¬ 
similarity of form are frequently fused 
into one notion, that of mtergradation 
‘‘To what extent,’^ we say, “do these 
variants intcrgradet If they do not 
intergrade at all we shall call them 
species If they intergrade to a cer¬ 
tain extent we shall call them varieties 
of sub-species We shall base our clas¬ 
sification upon the degree of inter- 
gradation “ To approach the subject 
from this angle is to obscure one of the 
most striking facts of organic nature 
the manner in which discontinuity is 
made manifest, that is, the ways in which 
these morphological modes come to differ 
For how IS one to arrive at any satisfac¬ 
tory measure of the degree of morpho¬ 
logical mtergradation! All, or nearly 
all, flowering plants “ intergrade “ in the 
sense that innumerable stages of mter- 
mediacy may be found Upon what 
“ characters “ shall one fix in order to de¬ 
fine his degrees of intergradation t Upon 
what morphological characters shall one 
fix in order to define his degrees of di- 
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Tergencet If we rely for interpretation 
solely upon morphological distinctions, 
organic nature becomes an apparent con¬ 
tinuity—^fluctuating, to be sure, but still 
a continuity—^and there seems to be no 
alternative to the view that any attempts 
to produce a discontinuity for purposes 
of convenience must necessarily be arbi¬ 
trary. Our system under these condi¬ 
tions therefore would approximate to the 
system of fixed and arbitrary units which 
is found in physics, with the difference 
that each investigator would be free to 
determine his own units of measurement 
In a word, the causes of morphological 
intermediacy and intergradation are sev¬ 
eral and it IS possible to have a deep 
genetic isolation and still have the sem¬ 
blance of intergradation, particularly if 
we rely upon selected and sometimes pre¬ 
conceived morphological distinctions It 
is not suflScient for us to inquire ‘^Are 
intermediate forms presentRather 
must we say ‘‘What has been the genesis 
of these intermediates? What do they 
mean in terms of evolution 
We have emphasized the fact that spe¬ 
cies may be looked upon in one sense as 
modal associations of physical attributes 
Let us review some of the factors which 
bring such species into being, for such in¬ 
formation has direct bearing upon our 
phylogenetic concept in classification and 
at the same time provides the taxonomist 
with an important body of facts with 
which he may interpret resemblances 
other than in an arbitrary manner 
Evolution as we know it in most of the 
organic world is singularly a product of 
sexual reproduction limited by external 
factors. Let us imagine conditions in 
which there would be unlimited oppor¬ 
tunity for sexual reproduction between 
all organisms at random, that is for a 
completely effective interchange of genes 
Given the absence of any selective factors, 
any mutations which might occur under 
these conditions would spread rapidly to 


all parts of the organic universe. Under 
these conditions, the pattern of variation 
at any time would be uniform and con¬ 
tinuous Even granted any discontinuity 
due to grouping of allelomorphs, never¬ 
theless, the pattern as we know it would 
in no sense be realized In such an ideal 
system all conceivable combinations of 
genes would occur If we were to ignore 
the slight discontinuities produced by 
sharp allelic differences, such a pattern 
of organic nature might be likened to a 
pool of water into which droplets of ink 
might occasionally fall The widening 
ripple made by each droplet would fore¬ 
cast its ultimate path of diffusion When 
that diffusion had run its course, the 
pattern would again be restored. 

But the potentialities of sexual repro¬ 
duction are not only never fully realized, 
they are realized only in a small degree. 
Because of the checks and limitations 
which are imposed by the isolating mech¬ 
anisms, sexual reproduction and the con¬ 
sequent interchange of genes is highly 
restricted and localized It is because of 
the effectiveness of these mechanisms, in¬ 
cluding the genetic mechanism itself, in 
isolating and restricting any mutations 
which occur, that the pattern of nature is 
so highly diverse We recognize m these 
localized diversities our specific and sub¬ 
specific entities Yet highly diverse as 
this pattern is, only a small proportion of 
potential diversity is probably realized 
This 18 due to two processes, operating 
upon the basis provided by the genetic 
mechanism, that of the isolating factors 
in restricting sexual interchanges as well 
as that of the mechanisms of selection 
which, by elimination of forms, produces 
a modal distribution of specific entities 
Such modal associations of species we 
term genera These generic modes are 
again disposed into larger constellations 
and so on We might liken the pattern 
which IS formed in this manner to a com¬ 
plex and irregular net, indeed a very 
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ragged net, in which the meshes vary 
greatly in size The knots of such a net 
would be formed of specific, which is to 
say, segregated individuals The knot 
might be taken to represent the mode of 
variation of a species, that is, the usual 
concomitance of morphological attributes 
The meshes themselves would represent 
the variable and unpredictable effects of 
the mechanisms of isolation and selection 
The threads would represent the genetic 
connections between populations, both in 
the horizontal and vertical planes The 
reticulate nature of this pattern is espe¬ 
cially emphasized and coinplicated in the 
flowering plants by reason of the for¬ 
mation of new knots through amphi- 
diploidy 

It IS clear, therefore, that morphologi¬ 
cal resemblances are due to the fact that 
through sexual reproduction there is or 
has been at some time an exchange of 
genes between the populations Morpho¬ 
logical (hssimilaniics on the other hand 
have come about by the cutting out of 
complexes of gene combinations from 
freely breeding populations by the agents 
of isolat ion and restriction As systema- 
tists we are dealing therefore with two 
opposed phenomena and wxth the results 
upon morphology of their opposition To 
interpret and compaie intelligently the 
morphological attributes of species the 
sj^stematist must be in a position to evalu¬ 
ate the probable roles played by the 
agents of isolation 

We have seen that two species may 
arise from one by segregation of a part 
of the gene complex of the whole, and we 
have considered the dynamic role played 
therein by the factors of isolation In 
this sense we are dealing with evolution 
at its present level But a phylogenetic 
syistem implies evolution at other levels 
more and more remote in time It em¬ 
braces two unlike phases of evolution a 
present one, dynamic and real, and a past 
one which is conceptual and static, at 


least as far as classification is concerned. 
Species have reality They are segre¬ 
gated groups of individuals which affect 
each other m such a way that they may 
collectively be termed an organism Spe¬ 
cies perpetuate themsehes, they may 
even amalgamate through amphidiploidy 
The genus has no present reality save in 
a historical sense, nor has any category 
more comprehensive than the species, 
save perhaps the coenospecies The 
genus, as such, can not perpetuate itself 
nor affect any other genus genetically 
For purposes of classification a genus is 
thorclorc a constellation of similar spe¬ 
cies If we were to rely solely upon 
morphological resemblances we should 
have means for comparison and classifica¬ 
tion of genera even less certain than we 
should have in the ease of the species 
For purposes of classification, however, 
we can delimit our genera upon a some¬ 
what more rational basis if we estimate 
the probable effect in any particular case 
of the agents of isolation and particularly 
of the agents of selection That the 
agents of selection operate at all levels 
of the evolutionary gradient seems likely 
Whether they are equally rigorous at all 
levels would probably depend upon the 
plasticity of the organism, that is, the 
proportion of concealed recessive genes 
and their potentialities under any given 
change The agents of isolation, however, 
begin to operate only at a certain level 
and produce their most decisive effect 
within a relativelv short period, although 
they continue to stand on guard, as it 
were, indefinitely The species are the 
end products of single strands of the 
evolutionary pattern, subject now only 
to the mechanisms of selection, unless, 
because of some genetic change, they be¬ 
come the initial points of a new strand 
The interrelationship and the nearness 
of relationship of the strands is a func¬ 
tion of the isolating agents Except when 
viewed as historical accidents genera 
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are non-existent, they have the semblance 
of existence due only to the fact that the 
agents of selection have not acted at 
random, but have chosen for preservation 
complexes of related strands Had it 
not been for the effects of selection, our 
net-like pattern would be much less 
ragged 

If this concept of the pattern of organic 
nature is a true one, then it would seem 
that the evolutionary doctrine has served 
to reveal not only the nature of intra- 
specific variation but also the abrupt 
change in pattern which exists above the 
specific level If in classification we rely 
solely upon morphological distinctions 
rather than the assumption of phylogeny 
wo thereby deny oui solves the use of a 
tool which will serve to correlate any 
particular segment which we wish to 
systematize, with the more general pat¬ 
tern of nature This fact alone amply 
justifies the use of phylogeny as a basis 
for our classification, and we may but¬ 
tress this tact with the much more im¬ 
portant one that such eorrelalions serve 
to illuminate tlie course of evolution 
within the pattern The evidence sug¬ 
gests that this gcneial pattern, m so far 
as it may be compared to a simple thing, 
IS (in the flowering plants) in the nature 
of a multi-dimensional net a gigantic 
and ragged Hydrodictyon, floating m 
time, as irregular and as licterogeneous 


as it is gigantic, as complex as Hydro- 
dictyon is comprehensible in its structure. 
Moreover, it has orientation, for only that 
part which floats near the surface has 
present reality, the remainder exists in 
the past, or if it exists m the present, 
exists only as certain attributes within 
the existent species Prom present knowl¬ 
edge it would appear that the most direct 
path of the taxonomist toward an under¬ 
standing of this phenomenon is that 
sketched above a recognition of the vari¬ 
ational modes and a subsequent under¬ 
taking to ascertain the degree of their 
relationship by means of analysis and 
subsequent comparison, both qualitative 
and quantitative, as well as by considera¬ 
tion of the factors which have produced 
the variants 

In the above discussion the author has 
und(*rtaken to formulate and clarify his 
approach to problems of classification 
It IS a convention that his name appears 
as the author The authors are in fact 
more numerous, for he has discussed dif¬ 
ferent phases of the subject with col¬ 
leagues and has inevitably assimilated 
many of their ideas Understanding that 
the views expressed are not necessarily 
their views he wishes to make grateful 
acknowledgment particularly to Edgar 
Anderson, Theo Dobzhansky, Joscjih W 
Ellis, eloseph Gengerelli, Hugh Miller and 
Olenus L Sponsler and G L Stebbms 
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It IB the land that freemen till, 

That 8ober>8uited Freedom chose, 

The land, where, girt with friends or foes, 

A man may speak the thing he will; 

A land of settled government, 

A land of just and old renown. 

Where Freedom slowly broadens down 
From precedent to precedent 

— Tennyson, * * You Ask Me Why * * 

Introduction 

In an earlier article a study was made 
of the systems of land tenure in the 
Mediterranean Basin, with particular 
reference to the land problem in Spain 
and its influence on some of the social, 
economic and political trends in that 
country However, it should be pointed 
out that this problem is not confined to 
any one political unit or even to one 
climatic region It has played and is 
continuing to play, an important role in 
many widely separated parts of the 
world There is a proverb of the Ne¬ 
groes of South Africa to the effect that 
‘Uhe land is the chief,’’ and an examina¬ 
tion might lead us to the conclusion that 
it has more than local significance 

Ireland 

The invasion of Ireland was under way 
in 1170 when adventurers from England 
began to take sides in the quarrels of 
the chieftains of the IrLsh clans The 
adventurers soon had the support of the 
English royalty Under Henry VIII the 
actual conquest of Ireland was under¬ 
taken, and the struggle was carried on 
with great fury because it became re¬ 
ligious as well as political Both the 
English and the Scotch adopted the 
method of planting colonists, by which 
Ulster passed almost entirely into the 
hands of immigrants from England and 


Scotland At the end of the wars of the 
seventeenth century, the holdings of 
most of the Irish were confiscated by the 
English, only a sixth of the whole island, 
and that in the poorest parts, remaining 
in the hands of the original inhabitants 
of the country As late as 1903, 750 
landlords owned more than half of the 
island, and three alone had more than 
100,000 acres 

The consequences for Ireland of this 
dispossession of the native Irish have 
been far-reaching Except m Ulster, 
where landholding Scotch and English 
settlers cultivated their own farms, the 
system of vast landed estates was dis¬ 
astrous, because the absentee landlords 
had no interest m agriculture Condi¬ 
tions in the country became shocking 
AgiTculture was practiced on run-down 
soils, which were never fertilized, by a 
steadily increasing and ignorant rural 
population, always at the mercy of a 
famine From the beginning of the nine¬ 
teenth century there was a steady stream 
of emigration directed mainly towards 
the United States It increased very 
much after the great famine of 1846, 
when the potato crop, the chief subsis¬ 
tence crop of the inhabitants, failed 
because of a blight 

Hence there are very good reasons why 
Great Britain has had an ‘‘Irish ques¬ 
tion” for several centuries. Concessions 
had to be made occasionally to prevent 
armed outbreaks of the peasants A 
series of laws which were passed from 
1869 on enabled many renters to become 
landowners, with the result that to-day 
there are six times as many farmers who 
work their own land in agricultural Ire¬ 
land as m industrial England, and the 
system of small landholding tends more 
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and more to predominate. With it has 
come a certain degree of economic well¬ 
being National aspirations, heightened 
by religious antipathies and economic in¬ 
equalities, resulted in the civil strife of 
1919-21, and finally in the accord of 1921, 
which granted Dominion status to Ire¬ 
land Since that time conditions have 
improved The interdependence of En¬ 
gland and Ireland is recognized more 
and more by both peoples, farms owned 
by the operator have increased in num¬ 
ber, and rents to absentee English land¬ 
lords, long a nightmare to the Irish, have 
been abolished. Local autonomy, with 
the evolution of a land-owning middle 
class, has tended toward political stabili- 
ity 

The Spaniards in the New World 

It should be kept in mind that there 
were two paramount motives which drove 
the Spaniards to exploration and con¬ 
quest in the New World The quest for 
gold (el dorado) and the desire to add 
new members to the Roman Catholic 
Church In the high plateaus of the New 
World the Spaniards found millions of 
people living together in great empires 
m an advanced stage of civilization But 
the native leaders were ruthlessly set 
aside and the land on which their subjects 
lived was portioned out into fiefs, called 
encomiendas, according less to extension 
of surface than to size of the population 
upon it The higher the rank of the 
chieftain, the larger his estate. A few 
villages were permitted by royal grant 
to keep their traditional communal plots 
(ejidos) But most of the land was con¬ 
centrated in great landed estates in the 
hands of a few overlords, and the native 
inhabitants came under the absolute con¬ 
trol of the new white masters Theoreti¬ 
cally, this was done so that the Indians 
would be indoctrinated with Christianity, 
and the estates were granted by the 
Crown for only dos o ires vtdas (two or 
three generations) But many of these 


estates remained m the hands of the same 
family for over four hundred years, and 
it was usual for the owner, the hacendado, 
to live as a feudal baron in the great 
house, the hacienda, in the center of the 
estate The hacendado was the highest 
court of appeal to the simple peons living 
cn his land 

Mexico 

Mexico is a land of distant horizons. 
The great plateaus of the interior, which 
are high enough to have a temperate 
climate and where as a result most of the 
population is concentrated, are hemmed 
in by the far horizon of a purple moun¬ 
tain chain Most of the mountains are 
volcanoes, many extinct, but some of 
them active from time to time Indeed, 
the truncated cone of the volcano is a 
motif which runs through Mexican life— 
pre-Columbian, as well as modern When 
one sees the great profusion of volcanic 
cones It IS not at all surprising that such 
man-made structures as temples and ob¬ 
servatories were, even before the arrival 
of Cortez, modeled after them. But 
Mexico IS not all a volcano-girdled pla¬ 
teau It IS built up in layers, or strata 
the hot lands {herra cahente) around the 
edges, then the cool or temperate lands 
(Herra templada) and the cold, high 
mountains (the Herra fria or paramos) 
But these are not easily delimited 
regions. Streams have cut great gashes 
in the form of canyons into the central 
plateau so that there is a complex inter¬ 
penetration of one climatic region by the 
other The result is that the sharpest 
contrast m land forms, climate and the 
cultural landscape are found very close 
together Prom one point it is often pos¬ 
sible to view areas representative of 
almost all the major climatic types, from 
the tropical rainforest to the tundra, 
from the fertile valley bottoms, where 
bananas and oranges grow, up through 
coffee plantations to the dry mesa coun¬ 
try, where maguey, maize and barley 
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grow, and still on as far as the eye can 
reach through the gi*azmg lands, then the 
timberlands and finally to the slopes 
eternally covered with snow In this 
dovetailing of climatic regions and cul¬ 
tural landscapes lies one of the many 
attractions of Mexico. 

Against this background of sharp phys¬ 
ical contrasts there has been an interpla 3 " 
of the many forces—social, cultural, 
racial, economic—which have gone to¬ 
ward the molding of present-day Mexico 
During the regime of the dictator, Por- 
firio Diaz, the industrial policies of mod¬ 
ern nations were adopted in Mexico with¬ 
out destroying the feudal structure of 
the Mexican economic organization For¬ 
eign trade inci eased from $63,000,000 in 
1885 to $239,000,000 m 1907, and railway 
mileage increased from almost nil in the 
70’s to 16,000 miles in 1911 But this 
industrialization was paralleled by a 
rapid increase in the cost of living with¬ 
out a corresponding rise in wages The 
oil fields and mines were largely foreigii- 
owned, and iirofits from them left the 
country 

The Hacienda Tlie full flowering of 
the hacienda system occurred during the 
Diaz^ regime The land of Mexico, the 
support of the great mass of the popula¬ 
tion, was ill the hands of a very few 
people Some 60 per cent of the private 
land in Mexico was owned in estates of 
2,500 acies or more, and almost 25 per 
cent of the privately owned land was in 
the hands of only 114 proprietors Fur¬ 
thermore, the process of concentration 
of land m the hands of a few was con¬ 
tinuing Villages were deprived of their 
communal holdings through the en¬ 
croachment of ‘‘colonization” companies, 
or through the manipulation of water 
rights by a hacendado Such a landlord 
might boast blandly of having moved the 
“mojonera,” the boundary post of a vil¬ 
lage ejido with water rights to a certain 
stream, which the hacendado thereafter 
diverted to his own estate Feuds over 


land often had at the root a feud over 
water Land was also taken away from 
‘ ‘ rebellious *' villages—^particularly In¬ 
dian villages with good land—by the 
government, often controlled by the local 
landlord As a result, the inhabitants of 
what had once been free villages were 
gradually forced to become wage laborers 
on the haciendas, where they were soon 
tied to the soil by debts and were paid in 
kind rather than m money in the haci¬ 
enda store—^the infamous henda de raya 

Living conditions were very bad on the 
estates, where often no attention was 
paid by the landlord even to housing his 
peons In time the miserable people, 
who lived like beasts, without the most 
rudimentary principles of hygiene, be¬ 
came apathetic, morally bankrupt, spiri- 
Inally insolvent Small wonder that the 
cry of the landless for ^^Tierra y Liber- 
iad^* (land and liberty) became with each 
year more insistent, until at last in 1910 
revolution broke out Between 1910 and 
1921 there was a nation-wide shift in the 
population from resident hacienda com¬ 
munities to free villages, the population 
in the former was reduced from 5,511,284 
to 3,913,769 These figures show that the 
oppressed people fled from 1 heir heartless 
landlords dm mg the period of social and 
political upheaval in order to return to 
the free villages where they could till 
Iheir small plots of land under the age- 
old system of communal tenure The old 
landJioldmg aristocracy thus lost some of 
its power to the village, to agricultural 
workeis and to the newly developed city 
proletariat 

Land Distribution Unfortunately,land 
distribution has proceeded slowly. In 
1930, fifteen years after the inauguration 
of the agrarian reform, almost seven 
tenths of the total economically active 
population engaged in agriculture still 
belonged to the disinherited landless 
masses dependent upon day wages or such 
meager earnings as may be derived from 
tenant farmmg or share-cropping Presi- 
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dent C&rdenas saw that the aims of the 
Revolution of 1910 had not been com¬ 
pletely fulfilled largely because there was 
no middle class to carry them through 
Hence, he has speeded up the program 
of land distribution In the first twenty 
months of his administration he awarded 
some 3,000 villages nearly four and one 
half million hectares (about 10,000,000 
acres) of land—over half as much land 
as had been distributed by all his prede¬ 
cessors together 

But most of the e^tdaianos (those 
working village communal plots) must 
have credit long-term credit for rela¬ 
tively permanent types of equipment as 
well as short-term advances for seed, fer¬ 
tilizers and consumption goods If this 
credit IS not extended by the government 
the epdaiarw is at the mercy of the 
hacendado, loan shark and local politi¬ 
cian The problem of ejtdo credit is a 
problem in education, and progress must 
be measured not in terms of profits, but 
in changed attitudes and values, in the 
growth of initiative, responsibility and 
the cooperative spirit Educational prog¬ 
ress IS extremely slow, but even if the 
rural school—^prod net of the Agrarian 
Revolution—had failed in all other re¬ 
spects it has kindled hope of better things 
to eome and an enthusiasm for life m 
hundreds of communities And with edu¬ 
cation has come greater geographical and 
social mobility 

In conclusion, it may be said with ref¬ 
erence to Mexico that the rural villages 
must be given the land which they occupy 
and till if economic well-being is to come 
to them and consequently to the country 
as a whole, and the benefits of modern 
civilization must be brought to the In¬ 
dians without impeding the development 
and remvigoration of the native culture 
It IS significant that Cardenas keeps in¬ 
sisting that he wants to see more Mexicans 
and fewer Indians In other words, the 
free Mexico of to-morrow has its roots in 
the soil, and m the racial and cultural 


base which was denied for four centuries. 
In that free Mexico, the hacendado will 
no longer be able to say contemptuously 
that ‘‘the peon is a machine which runs 
on pulque*’ (the native beer, made of the 
fermented juice of the agave), because, 
instead of the sodden impotence of peons 
tied in debt slavery to the hacienda, there 
will be social and political integration, 
unity and order 

Of course, many foreign investors in 
Mexico will continue to complain because 
they are no longer able to realize as much 
on investments as formerly, and are 
forced to reinvest a part of their profits 
m that country Many rapacious politi¬ 
cians will continue to abuse the reforms 
and become rich men Many pudgy gen¬ 
erals will, under the pretext of breaking 
up great landed estates, themselves be¬ 
come great landlords—^still the words of 
Fray Baitolomo de las Casas, wiMttcn 
some 400 years ago, are still applicable 
(for ^‘King” and “Spaniard,” merely 
substitute “politician,” “general” or 
“investor”) 

If the King wishes to have authority over the 
natural kings of the Indios, and jf the Spaniards 
wi8h to enter and stay m the Indies, then what¬ 
ever 18 done, ordered, and disposed should bo 
for the beneht, not of the King nor of the 
Spaniards, but for the spiritual and temporal 
good of the Indians 

Puerto Rico 

Of the many problems demanding 
solution m the island of Puerto Rico, that 
of land use would seem to be the most 
pressing The history of this island 
differs from that of Mexico Spam 
catered to Puerto Rico because it was 
an outpost, strategically located for pro¬ 
tecting and controlling other possessions. 
Prom 1810 to 1820, when Spain’s South 
American empire v^as shrinking, desper¬ 
ate attempts were made to retain the 
loyalty of the Puerto Ricans In 1815, 
they were granted a Cedula de Gracias, a 
special Bill of Rights which was a most 
amazing document of liberality, mcon- 
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sistent with the general attitude of 
Spain toward her other colonies. And 
on February 9, 1898, Spam granted to 
Puerto Rico la Carta Autonomica, which 
gave the people practically complete 
autonomy The principles of this carta 
were joyously received by the Puerto 
Ricans, but on October 18, 1898, the 
island was officially transferred to the 
United States as the result of a war m 
the cause of which they had had no 
part and in which they had had no 
interest 

With this transfer, the island was 
placed within high tariff regulations 
Sugar entered the United States free, 
at an advantage over other competitors 
In addition to freedom from tariff regu¬ 
lations was the factor of proximity to 
the greatest sugar-consuming market. 
American investors were not slow to rea¬ 
lize that in Puerto Rico sugar would be 
king and fortunes were to be made All 
sorts of intermediaries were used m buy¬ 
ing up all land suitable for cane grow¬ 
ing At first land was bought at normal 
or sub-normal prices because many land- 
owners had little faith in the future of 
the island under American control 
Soon those who held out were offered 
twice or many times what the land- 
owner thought the land was actually 
worth The land-owner sold, feeling 
sure that the land boom would collapse 
and then he could buy back the land 
at his own price—^but that time never 
came The sugar growers have increased 
their holdings from 61,500 acres m 1898 
to 238,000 acres m 1930, and the yield 
from one half ton per acre to 2 7 tons 
Large sugar corporations have taken con¬ 
trol of the limited areas of fertile flat 
coastal lands and are reaching out over 
the valley lands and low hills into the 
interior They have taken over the areas 
where formerly subsistence crops were 
grown Where corn once grew now 
sugar-cane grows Dark-green corn¬ 
fields produce “white gold“ for investors 


in a foreign land. Five American sugar 
companies have most of the best land 
m Puerto Rico in tracts of 5,000 acres 
or more The sugar growers have 
prospered enormously 
A statistical study of the island since 
American occupation may be made to 
read like a typical American “success'^ 
story But, in spite of phenomenal 
economic progress along certain lines, 
the welfare of the vast majority of the 
people has not been improved since the 
American occupation, if anything, it is 
worse At one time during the depres¬ 
sion nearly 90 per cent, of the people 
were on the government payroll, mostly 
in the form of relief This great pov- 
ertj^ IS largely the result of the scarcity 
of food crop land Sugar is so profitable 
that food crops have been crowded back 
into the hills, grown on unusually steep 
slopes These tropical hill-slope soils 
are thin and highly leached, and the 
yield abnormally low The grower is 
too poor to buy fertilizer The food- 
crop acreage to feed one and three- 
quarters million people is ridiculously 
small 70,000 acres in corn, 48,000 in 
yams and sweet potatoes, 41,000 in beans. 
Not over one acre m ten of the island ^s 
2,176,000 acres is given over to food pro¬ 
duction, and the poorer land at that. 
This means that each acre is expected to 
supply eight or ten people with food. 
However, the land needed to supply a 
decent standard of living, according to 
the United States Department of Agri¬ 
culture, IS some two and one half acres 
per person On this basis the Puerto 
Ricans have only one twentieth of the 
amount needed In cases of this kind 
food must be imported, but imported 
food IS expensive—much too expensive 
for the poor Puerto Ricans to buy Thus, 
the people are confronted with a problem 
of getting enough to eat They are not 
inherent revolutionaries, they do not 
stage Nationalistic demonstrations, kill 
policemen and shoot at American gover- 
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nors because lawlessness is their 
blood**—no, they are simply hungry. 
In the words of ex-Governor Theodore 
Boosevelt, Jr, the island ‘‘seethes with 
misery’*, the achievement of even a slight 
degree of economic security for a bare 
majority of the people would go a long 
way toward inducing political and social 
stability. 

To be sure, the problem of land use m 
Puerto Rico is not the only one clamor¬ 
ing for solution The density of popula¬ 
tion has increased from 200 per square 
mile in 1899 to 507 in 1935. The birth 
rate must be decreased to where it has 
some relation to the possibilities of mak¬ 
ing a living But, whatever plans may 
be brought forward toward the solution 
of the problems of Puerto Rico, they 
must include the development of a land¬ 
owning middle class with more favor¬ 
able conditions for the accumulation of 
local capital 

Cuba 

Brief mention might be made of Cuba 
Her cane fields, like those of Puerto 
Rico, are easily accessible to the neigh¬ 
boring American market, and since her 
site IS so well suited for large-scale, one- 
crop farming, she has taken full advan¬ 
tage of her position Here, too, most of 
the good land is largely controlled by 
sugar companies When Cuba’s sugar is 
m great demand the labor resources of 
the island are often overtaxed, particu¬ 
larly during the rush season. But the 
reduced crop which has been raised since 
the war boom has reduced the demand 
for seasonal labor In order to avoid 
great seasonal fluctuations in employ¬ 
ment as well as too great dependence 
upon foreign markets, the country is aim¬ 
ing at greater self-suflSciency. This has 
meant an emphasis on the growing of 
food crops on land controlled by sugar 
companies. Since the owners of these 
companies are not always sympathetic 


with present-day trends, the transition 
period between one-crop farming and a 
certam degree of self-sufficiency is 
marked by social unrest, which is re¬ 
flected by an occasional revolution 

Java 

Conditions in Java contrast markedly 
with those in Puerto Rico and Cuba On 
the island of Java sugar cultivation is 
performed by white planters using native 
labor and native fields To be sure, the 
monsoon climate is ideal for sugar-cane 
and the rich volcanic soil is kept in the 
best of condition by constant fertilization 
and by growing sugar in rotation with 
rice But the really important factor in 
Java’s prosperity is that sugar companies 
are not allowed to alienate permanently 
large tracts of land for growing cane. 
According to Dutch law, the planters 
may rent rice lands for the cultivation 
of sugar-cane not more than eighteen 
months in any three-year period This 
not only insures crop rotation, but it also 
prevents the island from becoming over- 
dependent on imports of nee As a re¬ 
sult, Java lb able to support over 41,000,- 
000 people on 50,554 square miles, one 
of the densest agricultural populations in 
the world Wisely administered through 
Dutch or Dutch-Javanese officials, these 
people are relatively prosperous and con¬ 
tented, and on the verge neither of star¬ 
vation nor of revolution. 

Africa 

In many parts of Africa Europeans 
have favored the plantation system over 
the native one of local self-sufficiency. 
Sisal, hemp, cotton, coffee, tea, tobacco, 
cane sugar, coconuts and bananas are 
produced on a large scale, almost exclu¬ 
sively for international trade The na¬ 
tives never had a notion of private prop¬ 
erty in land, in our sense of the term, 
till they found themselves serfs on huge 
European-owned plantations, forced to 
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work many months a year for their new 
white masters just in order to pay taxes— 
hut tax, poll tax or some other tax or 
taxes But a world-wide depression m 
prices would throw out of work thou¬ 
sands of natives, who had lost the knack 
of self-sufficiency The post-war depres¬ 
sion has possibly had one good effect in 
that emphasis is being placed on the 
mamtenance of gardens by those em¬ 
ployed on the plantations Writers on 
this subject who have studied conditioas 
at first hand, agree that the majority of 
the natives on farms or plantations 
owned by whites have to work harder 
and live on a poorer diet than did their 
ancestors 

The impact of European industrializa¬ 
tion and the plantation system upon the 
natives detribalizes them, and it brings 
about a general social disintegration; but 
the natives receive no new social mores 
to take the place of the old Elasticity 
IS demanded of Europeans in securing 
institutions which will work If Ban¬ 
tus want chiefs instead of officials they 
should be administered through chiefs, 
properly educated for their work. Racial 
discrimination embitters the natives At 
present, for the same crimes widely dif¬ 
ferent sentences arc passed on Europeans 
and natives Hence the native proverb, 
“the ox IS skinned on one side only ’’ 
IS applied to European courts, which it 
IS complained do not mete out even 
justice 

Land Tenure %n the Union of South 
Africa There is an old fable about an 
Arab and his camel The latter wanted 
to shelter his head in the Arab's tent, and 
this desire was granted. But, when the 
Arab awoke in the morning he found 
that the camel was entirely inside the tent 
and that he was outside on the bare sand 
The fate of the natives of the Union of 
South Africa resembles in many ways 
that of the hapless Arab There the 
proverb that “the land is the chief" is 


proved only too true. At present 91 per 
cent of the land is owned by fewer than 
two million Europeans, whereas only 9 
per cent of the land is owned by five 
million Bantu. The present state of af¬ 
fairs is very succinctly expressed by one 
Bantu leader. “At first we had the land 
and the white man had the Bible Now 
we have the Bible and the white man has 
the land " 

Kenya 

In Kenya the average size of estates 
controlled by white settlers is 600 acres, 
all of which are good land, whereas the 
natives own on the average only eight 
acres, of which at least one quarter is too 
sterile for cultivation or pasture And 
in the Nairobi region “squatters" on the 
great estates which the white people have 
carved out for themselves are obliged to 
undertake 180 days of labor each year 
for the privilege of domicile on land 
which is theii»s by native law The in¬ 
digenous peoples, forced to work for mas¬ 
ters not of their choosing, might some¬ 
times wonder if the “white man's bur¬ 
den" IS not somewhat lighter than that 
which they are called on to bear 

Soviet Russia 

Under the Czar, ten million tons of 
gram each year were exported from the 
Ukraine, which would seem to show that 
agriculture was prosperous at that time 
Gradually it is being realized, however, 
that the Russian gram export was a “fic¬ 
titious" export A vast peasant popula¬ 
tion was being exploited by a landlord 
class that was practically synonymous 
with the government The exports con¬ 
stituted a sort of prosperous facade be¬ 
hind which large numbers of people were 
hovering on the verge of starvation. 

With the liquidation of the landlord 
class following the revolution of 1917, 
peasant holdings increased from fifteen 
million to twenty-five million in number 
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and the size of the average holding 
doubled. Yet there appeared no such 
surplus of food as had apparently existed 
before. The reason for this is that the 
peasants themselves began to eat more 
wheat and rye, meat and eggs and dairy 
produce The meat consumption of the 
average household doubled Ninety per 
cent, of the grain produce was eaten by 
the peasants Some of the more tangible 
results of an adequate food supply were 
a decline in infant mortality, a decline 
in the death rate, and an increase of 
population of from 130,000,000 to 160,- 
000,000 Hence, to-day, since the people 
have a more adequate diet than formerly, 
there is not enough food to go around 
unless the harvest is a good one 
It is beyond the scope of this paper 
to discuss developments in Soviet agri¬ 
culture since the liquidation of the Ku¬ 
laks m 1929. Attention is merely drawn 
to the fact that the Russian peasants in 
1917 seized the land in the great landed 
estates of the absentee landlords and be¬ 
gan to grow food for themselves, just as 
the French peasants did during the 
French Revolution In both cases the 
people who in last analysis made the 
revolution general were peasants, not 
fire-eating revolutionaries They were 
oppressed and hungry and simply 
wanted land on which to grow food 


Conclusion 

Many more natural regions or political 
units might be considered—even more 
exhaustively—^but from these few case 
studies it IS clear how universal the prob¬ 
lem of land tenure is To be sure, this is 
not the only problem, as has been pointed 
out, but it IS a very important one A 
study of the hacienda in Chile, with its 
millions of rotos (literally “ragged^* or 
'‘broken*^ ones), and of the ^eat estates 
in Argentina and Brazil, etc, to mention 
only a few other examples—^might reveal 
much the same conditions and trends. 
And no matter how advanced a civiliza¬ 
tion or a culture may be, the people who 
have achieved them must eat, and food 
in large quantities must be obtained from 
the land Hence, throughout history 
land has been an important factor m 
determining the trend of events. How 
many people own how much and what 
kind of land is a matter of vital concern 
to all Perhaps it is not only in Africa 
that “the land is the chief “ 

Whenever there are m any country unculti¬ 
vated lands and unemployed poor it is clear that 
the laws of property have been so far extended 
as to violate natural right. The earth is given 
as a common stock for men to labor and live 
on . The small landowners are the most pre¬ 
cious part of the Statc.^ 

1 Thomas Jefferson, **Writings,'' Vol 19, p 
17 
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THE HEAVENS AGAIN ^ 

No other science is ardently pursued 
by so many amateurs as astronomy 
There is an amateur astronomical society 
in nearly every city in the United States 
Many amateurs have constructed and are 
constructing their own telescopes in sev¬ 
eral regions, such as those centering in 
Chicago, Pittsburgh, Boston and Wash¬ 
ington. About 100 telescopes have been 
constructed by amateurs in the Pitts¬ 
burgh area alone, and 12 are under con¬ 
struction m Washington at the present 
time Amateur observers of meteors and 
other astronomical phenomena are doing 
much valuable work Most comets are 
discovered by amateurs The general 
public is attracted more by a lecture on 
astronomy than on any other science 
Astronomy gets an entirely dispropor¬ 
tionate amount ot attention in the daily 
press Articles on astronomy are wel¬ 
comed in the best magazines 

Yet astronomy is not taught very gen¬ 
erally in colleges and universities The 
reason is not a dearth of good text-books, 
for there are many, the book by Skilling 
and Richardson is the most recent Al¬ 
though it IS designed as a text-book, it 
will be found interesting to the general 
reader It is a very good book, the hue 
drawings are excellent, the half-tones not 
quite so abundant as in some other books 
in the same field, the writing is clear, 
though not <listinguished, and the print¬ 
ing IS about all that could be desired 

The book excels in its presentation of 
the principles of optical instruments and 
methods of making various kinds of ob¬ 
servations It is adequate in its presen¬ 
tation of recent chemical, physical and 
astrophysical theories ft falls somewhat 
short of these high levels in its explana¬ 
tions of dynamical subjects For ex¬ 
ample, it states that the 433-day variation 

Astronomy By William T Skilling and 
Hobert 8 Hicliardson illustrated vii f 379 pp 
$3 00 Henry Holt and Company 


in the position of the earth's pole is due 
to a lack of symmetry of the earth about 
its axis of rotation It states that the La- 
placian theory of the origin of the plane¬ 
tary system has been abandoned because 
of the applications of new dynamical prin¬ 
ciples, whereas they date back to Newton 
and were well known by Laplace In at¬ 
tempting an explanation of why the tides 
raised by the moon in the earth increase 
the distan(‘e of the moon from the earth 
the authors follow an error apparently 
first committed bv Sir George Darwin in 
his ‘‘Tides’* and perpetuated by Jeffreys 
With such precedents this error is per¬ 
haps excusable Fortunately such slips 
are few 

F R M 

LIVING DARWINISM! 

The book under review is one of the 
Longmans Living Thoughts Library, the 
purpose of wdiich is the presentation of 
“the essence of the great works from 
every age and nation, distilled and inter¬ 
preted by kindred thinkers of our dav “ 
Except for Darwin the thinkers included 
in the series are of the literary, philo¬ 
sophical or sociological type, there are 
separate volumes, for example, on Scho- 
peuhauei, Tolstoi, Rousseau and Marx 
Despite our proneness to exclude scien¬ 
tists from the class of thinkers, it is never¬ 
theless highly appropriate that a natural 
scientist, Darwin especially, be repre¬ 
sented here, tor science in general and 
evolution in particular have profoundly 
influenced the molding of modern life 
and fiiought It is also peculiarly fitting 
that Professor Huxley should present 
Darwin’s thought to us For aside from 
his excellent qualifications for this task 
in his attainments as a biologist, there is 
added pertinence in his authorship of this 

1 The Living Thoughts of Darwin By Julian 
Huxley, assisted by James Fisher Illustrated 
151 pp $1 00 Longmans, Green and Com¬ 
pany 
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volume when we recall that it was his 
grandfather, Thomas Huxley, who fought 
so staunchly for the acceptance of Dar¬ 
winism in the last century 
Professor Huxley’s volume performs a 
very useful function For, “while pro¬ 
viding a more or less continuous expo¬ 
sition of Darwin’s views in Darwin’s own 
words, it provides annotations which 
in effect translate these views into mod¬ 
ern terms ” Much has been heard of late 
from certain quarters about the decline 
of Darwinism; the theory of natural se¬ 
lection has been especially attacked But 
the present book dispels such attempts 
to depreiuate Darwin’s accomplishments 
References to recent work in genetics and 
ecology m the main only serve more 
firmly to establish the essential correct¬ 
ness of Darwin’s original views And 
where Darwin erred, modern research 
shows this to be attributable to the bio¬ 
logical Ignorance of his age The reader 
of this book will be particularly grateful 
to Professor Huxley for his clear analysis 
of the logical structure of Darwin’s 
“Origin” and “Descent of Man,” for 
this analysis does much to lighten the 
mental labor required to follow Darwin’s 
complex web of inductive and deductive 
reasoning, and will prevent the forma¬ 
tion of the unwarranted conclusion that 
Darwin is arguing in a circle 
Although this volume has been written 
with the lay reader in mind, the biologist 
will profit much by studying it Reading 
the many long quotations from Darwin’s 
books he “can be sure of finding not only 
unfamiliar and interesting facts among 
the vast store which Darwin accumu¬ 
lated, but also stimulating ideas which 
may throw light on his present problems 
or even suggest new lines of work ” This 
IS high praise for work that was done as 
much as a century ago And this con¬ 
tinued pertinence of Darwin’s research 
18 the irrefutable proof that his thought 
IS still living ^lence 

Alexander Sandow 


THIRTY-THREE EASTERN WILD 
FLOWERS! 

In recent years there has been a ten¬ 
dency, deplorable to a scientist, to give 
nature books titles which make them ap¬ 
pear more comprehensive than they 
really are The present Book contains 
brief text and colored illustrations of 
thirty-three species native to the north¬ 
eastern United States An effort has 
been made to arrange these in the order 
of blooming dates, but there are some dis¬ 
crepancies, as when the yellow ladyslip- 
per, which blooms in early May, is placed 
in the same seasonal division as the cardi¬ 
nal flower, which appears in August, or 
the turtlehead, which comes out in Sep¬ 
tember, is listed ahead of the July-bloom- 
ing milkweed 

The descriptive text is attractively 
written, with cleverly woven-in conserva¬ 
tion hints To a person who does not 
know the plants the illustrations may 
prove acceptable, but to a botanist they 
are disappointing The greens of the 
leaves are either too blue or too yellow, 
and the faint suggestions of other hues 
present in various plant parts are over¬ 
emphasized in many of the plates A lay¬ 
man finding the delicately colored Hepat- 
ica in the wild would never be able to 
identify it from the gaudy red and blue 
creation here offered On the other hand, 
some of the paintings are distressingly 
weak and chlorotic, that representing the 
fringed gentian utterly failing to bring 
out the loveliness of this gem of our 
autumn flowers 

A mere scientist who finds it well-nigh 
impossible to get even a single faithfully 
colored plate included in a technical work 
can not fail to wonder how one goes about 
getting thousands of dollars lavished on 
the reproduction of m^iocre or inaccu¬ 
rately colored paintings by the dozens 
Edgar T, Wherry 

1 A Book of Wild Flowers By M McKcmiy 
and K F .lobnston Illustrated 80 pp (un¬ 
numbered). $2 00 Macmillan Company 
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THE PROGRESS OF SCIENCE 

THE MAYOS’ CONTRIBUTION TO MEDICAL RESEARCH AND PRACTICE 


The merlical profession of the world 
lost two of its most outstanding figures 
when the death of Charles Horace Mayo, 
on May 26 of this year, was followed on 
July 28 by that of his older brother, Wil¬ 
liam James Mayo. Although the deaths 
of great men occasion proportionately 
great sorrow, circumstances which attend 
them sometimes appear peculiarly fitting 
Thus, it seemed appropriate, if such a 
word may be used, that these two broth¬ 
ers who had lived in mutual confidence 
through more than half a century of 
splendid achievement and who had been 
acclaimed by the nations, universities and 
medical organizations of the world for 
their accomplishments and benefactions, 
should depart this life almost side by side, 
as they had lived it. 

Readers of The ScrPNTiFic Monthly 
are acquainted with a number of facts 
about the two institutions which the 
Mayo Brothers developed in Rochester, 
Minnesota, the Mayo Clinic and the Mayo 
Foundation Many, however, do not 
know how the Clinic and Foundation 
happen to be where they are or how the 
twro organizations are distinguished one 
from the other 

Of the two, the Mavo Clinic was the 
first to take form It w^as based on a well- 
organized surgical practice which had 
been developed by the Eiiglish-born 
physician, William Worrall Mayo, and 
his two sons, William and Charles The 
name was bestowed, not by the May os but 
by patients and visiting physicians who 
w’ere attracted to Rocdiester by the large 
volume of high-grade work w^hich whs 
being done by the Mayos and their asso¬ 
ciates In the early davs, the Mayos 
maintained offices such as any physician 
maintains, and the Mavo Clinic to-day is 


a doctor’s office, merely multiplied many 
times, and with laboratories for diag¬ 
nostic work and rooms for treatment of 
ambulant patients conveniently housed 
in the same building with the offices 
Neither the father and his two sons nor 
the Mayo Clinic ever has owned a sana¬ 
torium or a hospital, although several 
hospitals in Rochester are staffed by 
physicians of the Clinic 
At present the Clinic is housed, for the 
most part, in two buildings One ol these 
was built in 1912 and now contains lab¬ 
oratories and administrative offices Ad¬ 
joining this building, in 1927 and 1928 
another structure w^as erected This is 
now a landmark for many miles around, 
for it has seventeen stones m use and is 
topped by a tower which contains a caril¬ 
lon dedicated to the American soldier It 
IS equipped with conveyors and pneu¬ 
matic tubes for handling records, and 
furnishes space for approximately 400 
physicians and their patients The new 
building also houses a medical library of 
40,000 volumes and the offices of the Mayo 
Foundation 

The Mayo Clinic, as is well known, is 
engaged in the private practice of medi¬ 
cine and surgery The members of its 
staff receive salaries; there is no division 
of profit Its business dealings with pa¬ 
tients are tempered by principles which 
liave guided the practice of medicine 
since Hippocrates Similar humani¬ 
tarian motives account for the existence 
III Rochester of the Mayo Foundation for 
Medical Edu(*ation and Research, which 
IS part of the Graduate School of the Uni¬ 
versity of Minnesota Concerning this 
proje(*t extra(‘ts from a letter written by 
Dr William J Mayo to the university are 
significant 
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WTIiUAM .TAMK8 MAYO, 18«1-1030 


Our father leco^rnized certain dcfinito 80 <inl 
obhii^ationH He believed that any man >\ho had 
better opportunity than otherfl, greater strength 
of mind, body, or character, owed something to 
those who had not been so provided, that is, that 
the important thing in life is not to accomplish 
for one’s self alono^/,l?ut for each to carry his 
share of collective r^ionsibility 

In 1894, having paid for our homes and started 
a modest life insurance program, we decided 
upon a plan vvhereb^v we could eventually do 
something worth while for the sick This plan 
was to j)ut aside from our earnings any sums in 
excess of what might be called a reasonable re 
turn for the work we accomplished 

Year by year more }oung physicians applied 
for positiipgs as assistants and internes in the 


hospitals The need of pioviding in some way a 
better form of postgiaduute medical education 
for these earnest young men soon became a]) 
parent 

The fund which we had built up and which had 
grown far bevond our expectations had come 
from the sick, and wt believed that it ought to 
return to the sick m the foim of advanced med 
ical education, which would develop better 
trained physicians, and to research to reduce the 
amount of sickness My brother and I came to 
the conclusion that this puiposc could be best 
accomplished through the state university 

In 1913, when our fund seemed to be of sufll 
cient size to warrant the endowment of a founda¬ 
tion at the TTniversity of Minnesota to carry out 
these purposes, we pioposed the affiliation 
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CHAHLKS IlORACK MAYO, 1865-19.1!) 


\fter careful conHidemtioiif the ui raiijfements 
ntie agreed upou, June 9, 391:1 September 

IJ, 1917, the tempoiar> arrangement became a 
l^eimanent affiliation, and the rcaulta ha\e rIiowii 
the wisdom of the course pursued 

Our relations with the University of Miime 
sota and its Medical School hn\e b(*en most cor 
dial The graduate students in meditine wdio 
have come to the unner8it> and through the 
university to Bochester for giaduate medical 
iiistiuction make a splendid roster Before the 
Mayo Foundation for Medical Education and 
Research was established, there had been at the 
Clinic in Bochester 105 internes, special students, 
or assistants, 41 of whom are now in university 
positions The 3^ students of this category who 
weie in Rochester at the beginning of the Foun 


dution, became fidlows Of the moie than 1,350 
men and women who h.i\e studied on the Mayo 
Foundation for Medical Education and Research, 
more than 450 are in lespoiisible teaching posi 
tioiis in medical schools in this country and 
abroad 

The letter from 3\lneh the forefroiug 
extracts were taken was written in 1934 
The numbers of those who have been 
trained under tlie Foundation are con¬ 
siderably larger now and the original 
endowment of $1,500,000 has been in¬ 
creased to $2,800,000 Figures give mea¬ 
sures of magnitude, and size is not con- 


THE MAYO MEDICAL BUILDINGS 

THE NEW CLINIC BUILDING CONTAINING THE EXAMINING ROOMS, THE OFFICES OF THE MAYO FOUNDA 
WON AND THE LIBRARY CONSTRUCTION WAS COMPLETED TEN YEARS AGO THE OLD CLINIC BUILD 
ING AT THE LEFT, BUILT IN 1912, HOUSES THE CLINICAL LABORATORIES, THE REGISTRATION SECWON 
AND THE ADMINISTRATIVE DEPARTMENT THE MAYO FOUNDATION MUSEUM OF HYGIENE AND MEDU 
CINE AND THE SECTION ON PHYSICAL THERAPY OF THE CLINIC OCCUPY THE BUILDING AT THF RIGHT, 

temptible in a throngrmg world, but it is tions to medicine and surgery have been 
to the spirit of striving with which the made by the Mayo Clinic and the Mayo 
founders imbued their associates that the Foundation 

world IS indebted for whatever contribu- H M R 

U. S. GOVERNMENT EXPEDITION TO THE ANTARCTIC 

A PROORAM as extensive as the funds the expedition are to renew the attack 
will permit of surveying and scientific upon the unknown sectors of some four 
research has been planned for the forth- million square miles of this southernmost 
coming expedition to the Antarctic under continent, to survey such new lands as 
the recently authorized United States are discovered in as much detail as prac- 
Antaretic Service An appropriation of tieable, and to carry on scientific re- 
$360,000 was made available by Congress search in many branches of science 
for this expedition, and Admiral Richard The personnel of the expedition will be 
E Byrd, U S N (Ret), has been named transported to the south polar regions on 
its commanding officer The objects of three ships the North Star, a Depart- 
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ment ot the Interior ship m the Alaskan 
Indian Service; the Northland,^ a United 
States (/Oast Guard cutter that has for 
years patrolled the Alaskan waters, and 
the Bear of Oakland^ Admiral Byrd’s 
barkentine, veteran of many attacks upon 
both pQlar regions 

It IS proposed to erect two main base 
camps, the exact locations of whndi will 
not be definitel}’ decided until the winter¬ 
ing parties have studied the local condi¬ 
tions and weighed carefully the many 
factors to be considered One base will 
probablv be located at or within a hun¬ 
dred miles or so of Little America and the 
other in that sector south of South Amer¬ 
ica There will be twentv-lw^o to twenty- 
five men stationed at each of these bases 

1 It luw just been announeod that the Norih 
land has been withdrawn by the United States 
Government for patrol duty, a situation brought 
about by activities in connection with the eii 
forcement of the Neutrality Act 


and four additional men will man the 
snow cruiser, a mobile base There will 
be approximately ninety sledge dogs at 
each base and at least one airplane for 
aerial survey work It was proven dur¬ 
ing the Byrd Antarctic Expedition II, 
1933-35, that tractois could be success¬ 
fully used in many localities of the Ant¬ 
arctic and, profiting by this experience, 
Admiial Byrd will station at each base at 
least one track-laying type of machine 
for the heavy transport work 

The various scientific branches of our 
government and many leading scientific 
institutions and foundations are coop¬ 
erating to assure the success of the pro¬ 
gram On July 28, there was held at the 
National Academ\ of Sciences a meeting 
of thirty men, many of whom are leaders 
in their respective fields, called by the 
National Research Council at the request 
of Admiral Byrd and the Executive Com- 
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THE ANTAIICTK^ SNOW ORUTSER 

DKSIONKD BY THE STAFF OF THE RESEARCH FOUNDATION OF ARMOUR INSTITUTE OF TECHNOLOGY 
UNDER THE DIRECTION OF DR THOMAS C POULTER, SCIENTIFIC DIRECTOR THF CRUISER, WHICH WILL 
CARRY A FIVE-PASSENGER SPEEDY AIRPLANE OF 1Tb BACK, HAS AN OVERALL LENGTH OF FIFTY-FIVE 
H-ET AND STANDS FIFTEEN HIGH ON TEN FOOT RUBBER TIRES, IS FIFTEEN FEET WIDE, ACCOMMO 
DATES FOUR PEOPLE WITH SUPPLIES AND FUEL FOR ONE YEAR, HAS A CRUISING RANGE OF ABOUT 
FIVE THOUSAND MILES THE COST OF THlb ‘^AMIEFLED DINOSAURWILL BE ABOUT $150,000 


mittee of the Antarctic Seivice Dr 
Isaiah Bowman, president of the Johns 
Hopkins University and past director of 
the American Geoj>:ra])Fiical Societv, pre¬ 
sided at the meeting: The scientific pro- 
jjrram was disimssed in detail and sujr- 
*i:estions were made for its enlargement 
and improvement An Interim Com¬ 
mittee on Scientific Work of the United 
States Antarctic Expedition has been ap¬ 
pointed by the National Research Coun¬ 
cil It consists of the following men Dr 
Isaiah Bowman, chauman; Dr Henry 
B Bijrelow, director of the Woods Hole 
Oeeanojj:raphic Institution, Dr John 
A Fleminj?, director of the Depart¬ 
ment of Terrestrial Magnetism, (-arnegie 
Institution of Washington, Dr W C 
Mendenhall, director of the U S Geo¬ 
logical Survey, Dr Robert Cushman 
Murphy, curator of oceanic birds, Amer¬ 
ican Museum of Natural Historv, Dr G 
0 Rossby, assistant chief of the U S 
Weather Bureau 

The program itself is quite varied and 
will require a trained personnel of twelve 
scientist^^who will be assisted by other 


members of the expedition in then activi¬ 
ties 

Two meteorological obseivatoiies will 
be established for routine observations, 
ineluding pilot balloon runs at regular 
intervals Radio-sound equipment for 
upper-air obseivalions will be put into 
use at one base on an experimental basis 
Data wnll be exchanged with the Argen¬ 
tine station on Laurie Island and with 
other countries that are proposing to es¬ 
tablish meteorological stations in the Ant¬ 
arctic this year 

Many important problems (connected 
with the auroia are unsolved, and anv 
data on this phenomenon may be of value 
in solving some of these problems There 
will be hourly observations during peii- 
ods of darkness to determine times of be¬ 
ginning, ending, significant changes, 
color, intensity, form and \anation in 
position and height in the sky with mag¬ 
netic or geographic latitude The dis¬ 
plays will be photographe<l 

It is proposed to investigate further 
the changes in eosmic-ray intensity at 
points of high geomagnetic latitude and 
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to determine causes of fluctuation An 
apparatus which will record continuously 
the cosmic-ray intensities will be set up at 
one base. 

Qeolof?y has a proraiiient position in 
the program There will be made de¬ 
tailed investigations of the structure, 
stratigraphy and compositions of all 
mountains and rock exposures visited 
The principal topographic features will 
be mapped, and in detail when and if 
possible An attempt will be made to 
learn the relationship existing between 
the various structural provinces of the 
Antarctic All outcroppings visited will 
be examined for possible mineral re¬ 
sources Characteristic specimens of 
rocks, minerals and fossils will be col¬ 
lected for later detailed stud> and identi¬ 
fication 

The program of Ice Studies has been 
\ery carefullv planned and it is expected 


that many facts of interest to glaciologists 
will be brought to light The British 
Association for the Study of Snow and 
Ice has fully cooperated in planning this 
piogram The members of that associa¬ 
tion have been most helpful in suggesting 
problems to be iiuestigated and the pro¬ 
cedures to be followed in (carrying them 
out Sincere thanks are due these men 
The glaciological program will be un¬ 
doubtedly the most comprehensive so far 
attempted in the Antarctic 

Two ice laboratories will be main¬ 
tained , one at the Western Base (vicinity 
of Little America), and the other, it is 
hoped, at the Pole If this is not pos¬ 
sible, the station will piobably be estab¬ 
lished on one of the ice plateaus The 
former station will be occupied continu¬ 
ously for a >ear, the latter for a period 
of three months during the winter In 
addition to the comjirehensive series of 



PROTECTION PROM THE ANTARCTIC WINDS. 

A GROUP or FXPLOREllS ON THE HFCOND BYRD ANTARCTK' EXPEDITION FROM liLPT TO RIGHT DR 
PAUL SIPLE, W^O WILL DIRE< T A PROGRAM ON THE HUMAN ADAPTATIONS IN THF ANTARCTIC, OLIN 
SANCLIFF, DR F ALTON WADE, SENIOR FIELD SCIENTIST ON THE FORTHCOMING EXPEDITION, AND 

STEVENSON COREY 
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PRESSURE ICE NEAR LITTLE AMERICA IN THE LIGHT OF MAGNESIUM FLARES 


observations at these stations, eeitaiu 
others will be made at the Eastern Base, 
at all sub-bases and by members of all 
trail parties in the localities which thej'^ 
will visit 

The projyram will include* (a) “Ice” 
thickness measurements; (6) determina¬ 
tions of densities of the f^laeial “ice”, 
(c) study of the variations m |?ram size 
and shape with depth; {d) crystallo¬ 
graphic studies of the snow, firn and ice, 
(c) temperature measurements, (/) mea¬ 
surements of velocity of flow of various 
kinds of ice formations; (g) studies to 
determine the mechanism of glacier flow; 
(h) measurements of the annual accumu¬ 
lation of snow, (i) measurements of the 
loss due to ablation , (.;) investigations to 
determine the origin of banding in the 
ice 

Methods of leflcctive seismic prospect¬ 
ing will be used to determine the tliick- 
ness of the ice at regularly spaced intei- 
\als along as many traverses as possible, 
and thus roughly determine the rock sur¬ 
face profile beneath the ice along these 
lines By using this method it will be 


possible to determine whether or not a 
strait exists that connects the Weddell 
and Roas Seas The same soundings may 
also yield information concerning the un¬ 
derlying strata A reconnaissance grav¬ 
ity survey is contemplated, using a port¬ 
able gravimeter This survey will be 
made in connection with the seismic sur¬ 
vey so as to have accurate checks on ice 
thicknesses at stations occupied At a 
mainland base a seismograph will be 
erected to record earth tremors Such 
information would be invaluable in lo¬ 
cating the epicenters of earthquakes in 
the South Atlantic, South Pacific and 
Indian Oceans 

Continuous observations of the declina¬ 
tion, inclination and total intensity of the 
earth \ magnetic field will be made at one 
main base Additional observations will 
be made b,\ pai ties in the field and at sub¬ 
bases 

Four biologists will accompany the ex¬ 
pedition One will be stationed at each 
base and the other two will remain at the 
ships Specimens w*ill be collected of all 
forms of plant and animal life found 
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near the bases, on trail journeys and from 
the ships for critical study and deposition 
in the National Museum Live animal 
specimens will be brought back to the 
National Zoological GardeiLS. Life his¬ 
tory and behavior studies will be made 
of the animals when possible, 

A comprehensive oceanogi*aphic pro¬ 
gram IS contemplated The ship assigned 
to this work would occupy a station at 
intervals of forty miles along a north- 
south line from fifty-five degrees south 
latitude to a pohit as far south as possible 
An in\estigation of the prolonged Ant¬ 
arctic conditions upon the metabolism of 
the parties by recording daily blood pres¬ 
sures, pulse rate, rate of breathing and 
strengtli as measured perhaps by an ergo- 
graph will be made Such records would 
be useful not only for comparison with 
similar records at home, but as a means 
of determining the effect of changing 
conditions in Antarctic environments 
Many geographical probjems will be 
attacked Dr Paul A Siple, veteran of 
two Byrd Antarctic expeditions, will di¬ 
rect an interesting program in this field, 
placing special emphasis on the human 
adaptations and relationships to the cli¬ 
matic conditions of Antarctica 

The mobile units of the expedition will 
be watched with keen interest No means 
of transportation thus far tried in the 
polar regions has been eiitin^ly satisfac¬ 
tory Dogs are the most reliable, but 
are slow and can not haul sufficient eipiip- 


ment Airplanes can be operated success¬ 
fully, but good flying weather is rare and 
surface operations from the planes are 
lather hazardous Tractors have been 
operated successfully but with difficulty, 
and crevassed regions have never been 
successfully negotiated by them As a 
research project, the Research Founda¬ 
tion of the Armour Institute of Tech¬ 
nology has designed, under the guidance 
of its director, Dr Thomas C Poulter, 
i\ho was senior scientist and second in 
command of the Byrd Antarctic Expedi¬ 
tion II, a snow cruiser that should prove 
to be the answer to the prayers of polar 
ex})lorei*s It will be m reality a mobile 
base Fifty-five feet long and traveling 
on wheels w'hose tires measure ten feet in 
diameter, it has a cruising range of five 
thousand miles, a cruising speed of twelve 
miles per hour, a top speed of twenty-five 
and cairies a plane with a cruising range 
of fifteen liundred miles on its top deck 
The quarteis for the crew of four men are 
comfortable and spacious It has a con¬ 
trol cabin, engine loom and machine shop, 
galley and laboratory and carries supplies 
for a year The scientific equipment in¬ 
cludes a reflection type seismic sounding 
outfit, a gravimeter, dip circle for mag¬ 
netic measurements, apparatus for ice 
studies and instruments for both ground 
and aerial survey woik. 

F Alton Wade, 
Senior Field Scientist 
Thf U S Antar( tic Servick 


SEVENTH CONFERENCE ON SPECTROSCOPY AND ITS APPLICATIONS 
AT THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Two hundred and fifty scientific men 
from the fields of physics, chemistry, 
biology, medicine and metallurgy gath¬ 
ered for a three-day session in July in 
the George Eastman Laboratories of the 
Massachusetts Institute of Teclinology to 
hear a series of papers concerning the 
uses of the spectrograph in their respec¬ 
tive sciences Coming from as far away 
as Germany and England and from all 


parts of the United States and Canada, 
workers in different fields found them¬ 
selves drawn together by an inteiest in 
a tool which has come to be of great im¬ 
portance, as a result of its ability to probe 
matter and analyze liglit 

The spectrograph has for many years 
been recognized as the most powerful in¬ 
strument available for qualitative analy¬ 
sis of materials, since with a single photo- 



388 


THE SCIENTIFIC MONTHLY 


graphic exposure it reveals the presence or 
absence of seventy of the chemical ele¬ 
ments It has been increasingly recog¬ 
nized that spectrographic methods can 
also be made very useful for quantitative 
determination of the atomic constituents 
of any mixture of substances no matter 
how complicated, particularly w^hen the 
chief concern is with the metallic atoms 
present Gradually the precision attain¬ 
able has been improved, until recent 
papers have reported precisions of ± 3 
per cent of the amount of material pres¬ 
ent, a precision truly remarkable when it 
IS realized that it often remains constant 
down to concentrations as low as one part 
in ten million or less 

At the Seventh Spectroscopy Confei- 
ence workers from several laboratories 
reported improvements in this precision 
Routine lesults reported from the Uni¬ 
versity of Michigan were found self- 
consistent and accurate to within ±: 1 25 
pel cent Tins ex(*eeds the precision of 
chemical wot determinations, and se^eraI 
speakeiN at the conferenci* leported com¬ 
plete supplanting of oidinary wot meth¬ 
ods by spectiograplnc methods whenever 
determination of metallic constituents 
was involved Wet methods aie still 
used, ot course, for the d(‘tei mination 
of negative ladicals and foi handling 
molecules, unless this can be done b} 
the methods of absoiption spectropho- 
tometij 

The fiist da> \ session of the (onfei- 
eiKO was opened by a paper by Di .W 
F Meggers on Quarter Centuijf of 
Hpectiochemical Analysis at the National 
Bureau of Standanls Dr Meggers 
traced the improvement in spectrowjopic 
methods of analysis from their first use 
at the bill can, and pointed out that thou¬ 
sands of analyses for other government 
departments are now made annually at 
the bureau using spectrogiaphic meth¬ 
ods Other papei*s at the fii’st session 
recounted applications of spectrographic 
methods to problems of the ceramics in¬ 
dustry, of the telephone industry, of the 


optical industry and m the preparation 
of war materials 

Motion pictures of a new spectro¬ 
graphic installation at the Ford Motor 
Company were shown by H B Vincent, 
of the University of Michigan In the 
Ford laboratories large numbers of 
analyses are carried out at high speed, 
the samples being sent from the foundry 
by pneumatic tube to the Spectrographic 
Laboratory and results being made avail¬ 
able within a few minutes after receipt of 
the samples Similar methods are now" 
used in several large foundries, and the 
workers lesponsible for their installation 
reported complete satisfaction with the 
spectrographic method 

A series of papei’s was presente<l on 
new" spectrographic apparatus, particu¬ 
larly on new inicrophotometers for use 
in quciiititative spectrograph k* analysis 
Two papers were con(*erned with the in¬ 
creasing trend tow^ard use of diffraction 
giating spectrogiaphs instead of prism 
sjiectrographs The diffraction grating 
IS recognized as having numerous advan¬ 
tages over the piism, but the limited 
number of giatingN wdiich can be obtained 
has delayed its use Seveial maniifae- 
turei’s reported inereasing demand for 
diffiaetion giating spectrogi aphs, and 
the number piepaiing to provide such 
instruments is glowing 

Another group of papers reported on 
the applications of spectroscopy to medi¬ 
cine, principally in the field of absorption 
spectrophotometry Hormones, vitamins 
ami vdiious other complicated materials 
can be determined quantitatively with 
ease by sending light through a solution 
and studying the absorption of this light 
with a spectrograph The spectrograph 
methoil IS now recognized as standard for 
analyzing for vitamin A in cod liver oils 
and other materials, since it is rapid, pre¬ 
cise, and does not destroy the material 
being analyzed 

Among the most important papers pre¬ 
sented at the conference were a series on 
the sources of light used in spectro- 
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prraphic analysis In order to determine 
what kinds of atoms are present and to 
what extent in a given sample of mate¬ 
rial, it is necessary to burn the material 
in an electric are or spark or in some simi¬ 
lar source in order to excite the atoms to 
emit light Some of the errors made in 
analyses have been traced to variation in 
these light sources, and improvement in 
their control is found to go far toward 
improving the consistency of the results 
obtained, it was reported at the confer¬ 
ence Dr H Kaiser, of the Zeiss Works 
in Jena, Germany, reported on studies of 
light sources which had been made in his 

CRUISES OF THE E 

In Jul.N the research vessel, E W 
Smpjis, of the Seripps Institution of 
Oeeanograph>, completed a cruise in the 
Pacific Ocean off the United States coast 
It was undertaken with the cooperation 
of the U S Bureau of Fisheries to study 
the dynamics and e(*ology of the Pacific 
Ocean Earliei in the year the vessel 
made a cruise to conduct studies in the 
Gull of (/alifornia 

The E W Scripps has been in commis¬ 
sion for a \ear and a half and has proved 
very suitable for general oceanographic 
Avork The mam dimensions of the vessel 
are length overall 104 feet, length of 
^^ater line 93 7 feet, beam 21 1 feet, <lraft 
12 feet, gross tonnage 108, net tonnage 
59 Built in 1924 as a wooden auxiliary 
top-masted schooner tor ocean racing and 
extended cruising, she changed owmer- 
ship several times and was subjected to 
alterations including replacement iii 1929 
of the original engine by a Win ton Diesel 
engine rated at 175 h p and giving a 
cruising speed of 8 or 9 knots under 
power 

After the vessel had been bought in 
April, 1937, by the late Robert P 
Scripps, to be donated to the Scripps In¬ 
stitution, a considerable number of 
changes were made in order to adapt the 
vessel for oceanographic research The 


laboratory, which showed that such im¬ 
provements allowed quantitative result 
to be obtained which were in error by 
not more than 1 5 per cent of the amount 
of material present 

The full attendance at the conference, 
which taxed seating facilities, testified to 
continued wide current interest in spec¬ 
troscopy and its applications Tentative 
plans are being made for an eighth spec¬ 
troscopy conference in the summer of 

Georoe R Harrison, 
Director of Applied Physics 

Massachijsktts Institute 
OP Technology 

W SCRIPPS IN 1939 

sail area w'as reduced by removing the 
top-masts, shortening and lifting the 
main boom, changing the niain-sail from 
a gaff sail to a Marconi sail and raising 
the boom of the foiesail A deck-house 
was built aft wuth a small pilot in the 
forw^ard part and in the after part a deck 
laboiatory was constructed which com¬ 
municates dire(*tly with the laboratories 
below deck through an open hatchw^ay 
On deck two wunches were mounted, one 
large wuiich aft of the foremast, carr\ mg 
20,000 feet ot } inch wire rope for deep- 
sea anchoring and dredging, and one 
smaller wunch carrying 5/32 inch wire 
rope foi hvdiographic use Both winches 
are operated by electro-motors, the power 
being supplied by means of a 21 h p 
8upei 101 Diesel motor m the engine room 
Below decks one large and two small 
rooms on the starboard side w^ere remod¬ 
eled for use as laboratories, and on the 
portside three staterooms wuth six berths 
for members of scientific parties Avere 
provided In the creAv’s quarters ten 
berths are available, but on most cruises 
the permanent crew has numbered five 
or SIX 

After the E W Scripps m 1938 had 
Avorked exclusively in a small area off the 
coast of southern California two extended 
cruises were made m the fii*st half of 
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THE REBBARCH VESSEL OP THE BCRIPPS INSTITUTION OP OCEANOGRAPHY 
THK E W KCHIPPa, orp LA JOLLA ON MAY 10, 1039 


1939, one to the Gulf of California and zooplankton were made and samples of 
one off the west coast of America bottom sediments were obtained A total 

The cruise to the Gulf of California of 53 stations were worked and, in addi- 
took place between February 5 and tion, soundings by sonic depth finder 
Maich 31, the work in the Gulf being con- were made for nearly every mile during 
ducted between February 13 and March the entire cruise in the Gulf 
19 Mr E G Moberg was in charge of the It was found that the bottom of the 
cruise until the author joined the vessel m Gulf is much more irregular than indi- 
Guavmas, Mexico, on March 8 Other cated by the few soundings which were 
members in the party were Messrs Plem- available prior to the cruise The great- 
ing, Johnson, Revelle from the Scripps est depth along the most southern line is 
Institution and Messrs Loye Miller and more than 10,000 feet, but traveling 
Harr> Allen from the University of Cali- north the depth shows a general decrease, 
forma at Los Angeles The Gulf was although it is probable that several longi- 
crossed and reerossed a number of times tudinal and transversal ridges exist 
and on each crossing oceanographic sta- From Tiburon Island a ridge appears to 
tions were occupied at which tempera- cross the Gulf in a nearly southerly 
tures of the water were determined at a direction, the greatest depth along the 
series of depths between the surface and ridge being about 750 feet. To the north- 
the bottom, water samples for chemical west of this ridge a deep trench is found 
analyses were collected from these between the island Angel de la Guardia 
depths, .samples of phytoplankton were and the smaller islands to the south on 
taken at seven depths between the sur- one side and the peninsula on the other 
face and 60 meters, vertical hauls for side, the maximum depth in this trench 
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being about 5,000 feet. Here basin con¬ 
dition exists with temperature near the 
bottom close to IV C, whereas at corre¬ 
sponding depths in the outer portion of 
the Gulf the temperature is about 4^ C 
The most northern station was occupied 
only forty miles from the mouth of the 
Colorado River, but the salinity of the 
water at this station, 35 12° parts per 
thousand was only slightly lower than 
the maximum salinity found a little 
further south, 35 50° parts per thousand 

The deep watjer in tlie outer portion of 
the Gulf is of the type which is found in 
the eastern central Pacific and is charac¬ 
terized by a salinity minimum of nearly 
34 50° parts per thousand at a tempera¬ 
ture of about 5° C and by practically no 
dissolved oxygen between depths ot 150 
and 800 meters 

During the cruise strong northwesterly 
winds blew intermittently, giving rise to 
upwelling m various localities along the 
mainland side of the Gulf, and m the in¬ 
ner portion winter cooling and excessive 
evaporation produce vertical convection 
(‘urrents reaching to considerable depths 
These processes probably a(*count for the 
great abundance of plankton which was 
encountered in many localities It is of 
interest to observe that in the inner por¬ 
tion of the Gulf large numbers were 
found of the dinoflagellate Gomfauhix, to 
which the mussel poisoning on the coast 
of California has been ascribed, and that 
some time after the cruise several cases 
of mussel poisoning were reported from 
that very region 

The second cruise of 1939, between 
May 10 and July 12, was conducted in 
cooperation with the Federal Bureau of 
Fisheries The purpose of the Scripps 


Institution of Oceanography was to make 
a general survey off the coast of the char¬ 
acter of the water masses and currents 
and of the plankton distribution in early 
summer, while the purpose of the Bureau 
of Fisheries was to examine the occur¬ 
rence and distiibutioii of Scirdine eggs 
and larvae The plan called for 106 
oceanographic stations, most of which 
should be located along eight lines at 
right angles to the coast between latitude 
45° N and 25° N, each line extending 
to a distance of 200 to 350 miles from the 
coast Bad weather made work on two 
of the lines impossible, but in spite of 
storms 90 of the planned stations were 
occupied Examination of the data has 
not yet been completed, but the observa¬ 
tions confirm conclusions as to the char¬ 
acter of the currents off southern Califor¬ 
nia, based on cruises in 1937 and 1938, 
and furthermore indicate that in general 
the distribution of suiface temperature 
shows a tongue-like pattern, tongues of 
cold water alternating with tongues of 
warmei water Such a pattern has been 
shown to exist off the coast of Peru and 
ma^ be a more general ])henomeiion than 
hilherto recognized, probably because 
closelx spaced stations are needed to re¬ 
veal this featuie which is topical near the 
coast only 

At the present time tlie K IP Sctipps 
IS laid up m the liaibor of the San Diego 
Yacht Club, but in the spring of 1940 it 
is planned to continue the detailed study 
of conditions in the area off southern 
California 

H IJ Sverdrup, 

Director 

SfRipps Institution 
OF OCFANOGRAPHY 


SOME FACTORS INVOLVED IN THE INVASION OF THE BODY 
BY THE VIRUS OF INFANTILE PARALYSIS 

Poliomyelitis is now generally con- from the destruction of the large motor 
ceded to be a virus disease affecting prin- nerve cells of the spinal cord, but there 
cipally the nervous system In man the is also considerable damage to other types 
most striking evidence of its activity is of nerve cells whose loss is not so readily 
the muscular paralysis which results appreciated Attempts at the treatment 
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of acute poliomyelitis have thus far been 
largrely futile because so little is known 
of the growth habits of the virus that a 
basic rationale has been lacking For 
example, there is still great controversy 
regarding the portal by which the virus 
of poliomyelitis enters the nervous system 
of man 

With so little exact data obtainable 
from man, it is natural that investigators 
have turned to the experimental animal 
Ordinary laboratory mammals are im¬ 
mune to the disease, so it has been neces¬ 
sary to use the monkey, which does not 
spontaneously contract poliomyelitis, but 
which may be successfully infected 
When large amounts of active virus are 
introduced into the nose of a monkey, it 
succumbs to a paralysis closely resem¬ 
bling human poliomyelitis When the 
nerves of smell have Wn cut previous to 
inoculation, the animal remains well It 
therefore seems evident that, in the 
monkey, virus reaches the brain along 
certain nerves, of which the olfaidory 
nerves appear to be the most important 
This finding has given rise to the wide¬ 
spread belief that human beings are in¬ 
fected along a similar route As a matter 
of fact it indicates but one thing—that 
the olfactory route is the route of choice 
in the monkey as vet there is no defini¬ 
tive evidence pointing to this portal of 
entry in man and indeed considerable 
reason for the belief that the more sus¬ 
ceptible human may be invaded at more 
points than the experimental animal 
How then may one begin to collect evi¬ 
dence which will bear upon such a con¬ 
tention ? 

Polio virus not only reaches the brain 
and spinal cord through nerves, but con¬ 
tinues to travel along their projections 
within the central gray matter In otlier 
words, the virus progresses within the 
central nervous system along nerve path¬ 
ways which are connected with the ones 
by which it entered In doing so it regis¬ 


ters its presence by a train of inflamma¬ 
tion which IS microscopically visible 
Bei^ause of the extensive invasion of 
myriad connections within the bram, the 
picture of the disease as it appears in 
individuals dying of poliomyelitis has 
thus fai been too complicated to allow 
interpretations regarding the route by 
which the infective agent gained en¬ 
trance 

It is to the experimental animal that 
one turns ni an impasse of this sort Al¬ 
though possibly difFeriug from man m its 
range of susceptibilities, it nevertheless 
should reveal certain general rules for 
viins behavior which may be applied to 
the riddle encountered in human mate- 
iial Accordingly monkeys have been 
infected b\ a wide variety of portals of 
enti\ These include not only inocula¬ 
tions into the nose and skin (which also 
is a low resistance portal in the monkey), 
but in adilition such highly artificial sites 
as the eye and various parts of the brain 
itself The resulting picture of inflam¬ 
mation m the brain and spinal cord has 
been studied in great detail In the early 
stages of the disease it is a relatively sim¬ 
ple matter to deduce tlie portal of entry 
from a inieroscopio examination of the 
brain As in man, by the time the disease 
has become fatal, the jneture is very com¬ 
plex This IS due to the fact that, what¬ 
ever the loute by which the virus has 
reached the brain, it eventually invades 
the great motor systems Thus the final 
stages of invasion all tend to look alike— 
but there are differences, important dif¬ 
ferences, still reminiscent of those sim¬ 
pler early pictures, which make it pos¬ 
sible to thread through the maze Such 
studies furnish general principle's which 
may leail to an understanding of the 
experiment of nature upon man 

Howard A Howe 
David Bodian 

The Johns Hopkins ITnivrbsity 
School of Medicine 
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RECENT PROGRESS IN PLANT BREEDING 

By E. B. BABCOCK 

pftorssaoB of oskbtics, univibsity or califobnu 


The utter futility of attempting to 
present the accomplishments of breeders 
of the various agricultural and horti* 
cultural crop plants in one short paper 
must be obvious, at least to those who 
are familiar with the wide scope of 
plant breeding activity in nearly all 
countries For this reason an attempt 
will be made to review some aspects of 
recent progress in plant breeding in 
such a way as to indicate promising lines 
of future progress If, in so doing, the 
layman is disappointed ^y the paucity 
of startling achievements, it is hoped 
that the plant breeder will be encouraged 
and stimulated by the interesting possi¬ 
bilities which are being opened up by 
recent research in genetics, cytogenetics 
and plant physiology. 

In 1922 Edward M East^ published a 
brief but penetrating review of the prog¬ 
ress in genetics since 1900. He did not 
touch on applied genetics, but gave an 
excellent summary in terms of general 
conclusions regarding the laws of hered¬ 
ity, the mechanism of heredity and the 
bearing of genetics on evolution. Let us 
now consider the status of plant breeding 
at about the same time by briefly men¬ 
tioning a few events and publications 
which may serve as guides in our effort 
to evaluate the progress that has been 
IC. Eaati /oar. Heredity, 18: 807-214, 

1980. 


made during the past decade or two To 
save time, I shall look backward at only 
three phases of plant breeding; but, as a 
matter ot fact, the recent progress in 
these fields involves the application of 
the most advanced theoretical genetics 
and cytogenetics These three phases 
may be designated as breeding plants to 
order, utilizing hybrid vigor and breeding 
for disease resistance 
In 1921 East and Jones^ published a 
paper on round tip tobacco—a plant 
“made to order,“ illustrating the appli¬ 
cation of genetic principles to produce a 
new type of crop plant to meet the 
grower ^s demand by the crossing of ex¬ 
isting varieties of a single species This 
of course was not the first achievement 
of this sort The creation of new vari¬ 
eties by combining in hybrids the de¬ 
sirable characteristics from two different 
parents had been accomplished even be¬ 
fore the rediscovery of Mendel’s laws in 
1900 But those earlier plant breeders, 
including some who were prominent in 
the early years of the present century, 
and even some who are engaged in em¬ 
pirical plant breeding at present, were 
working more or less blindly and often 
without any appreciation of the impor¬ 
tance of carrying on to the second genera¬ 
tion after crossing two varieties By the 
s £ M Bast and D. F. Jones, Jour. Heredity, 
12 51-56, 1021. 
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end of the second decade of the present 
century most scientifically trained plant 
breeders were well aware of the practi¬ 
cal value of applying the Mendelian 
principles in the work of plant improve¬ 
ment by means of hybridization And 
now, as we near the end of the fourth 
decade, one can hardly find a single im¬ 
portant crop plant or ornamental fiower 
that has not been improved in produc¬ 
tivity or quality, at least in some country 
or countries, by systems of breeding based 
on the Mendelian principles The breed¬ 
ing of plants to order will be further il¬ 
lustrated in connection with the breeding 
of disease-resistant plants 
In 1919 East and Jones® published 
their monograph on ^‘Inbreeding and 
Outbreeding,** in which they called at¬ 
tention to the probable future importance 
of heterosis or hybrid vigor in crop pro¬ 
duction They emphasized the great 
potential value of the so-called double- 
crossed corn in increasing the yield and 
uniformity of maize, the most important 
field crop in this country As early as 
1910 Q H Shull and East had indepen¬ 
dently applied Johannsen*s pure line con¬ 
cept to maize, which is naturally cross- 
fertilized, and after demonstrating the 
extremely deleterious eflFects of inbreed¬ 
ing on self-fertilized lines of maize, they 
had discovered that crossing certain of 
these inbred lines would produce first 
generation hybrids with high yield and a 
much more uniform crop than the origi¬ 
nal unselected variety Soon it was dis¬ 
covered that some of these first generation 
hybrids are more resistant to diseases and 
pests than the original varieties Then 
Jones began to experiment with secon¬ 
dary crosses between various first genera¬ 
tion hybrids, with the idea that in some 
such crosses there should be still further 
increase in vigor and yield The result 
was his recommendation that double- 
8E M East and D F Jones, ‘‘Inbreeding 
and Outbreeding,” 285 pp Philadelphia and 
London, 1919 


crossed com, produced by crossing care¬ 
fully selected first generation hybrids 
between inbred lines, should be used in 
producing the future supply of seed corn. 

It required another decade or so of 
experimentation and demonstration to 
convince some of the leading corn breed¬ 
ers and corn seed growers that properly 
produced double-crossed seed is the best 
from most points of view The testing 
of many different inbred strains as par¬ 
ents of first generation hybrids and the 
testing of these single-cross hybrids m 
various combinations to produce the best 
double-cross hybrids is still going on and 
no doubt will continue indefinitely at 
least in certain experiment stations But 
it IS now fairly safe to predict that 
double-crossed hybrid seed will soon be 
used for the bulk of the nation’s corn 
crop According to Jungenheimer,* 

comparisons in many states indicate that certain 
corn hybrids arc more able to withstand drouth, 
wind, diseases, insects and other unfavorable 
conditions than the best standard varieties 
These qualities reduce the hazards of corn pro¬ 
duction, with resultant benefits to the grower 
and consumer . The first commercial hybrid 
seed corn was produced in Connecticut about 17 
years ago Corn bolt hybrids adapted to the 
corn belt have been available for only about 10 
years, but during that time their use has shown 
a phenomenal mcrease In fact the acreage of 
hybrid corn has doubled and trebled every year 
during the past three or four years Almost un¬ 
known to the average corn grower four years 
ago, about 17,000,000 acres were planted with 
hybrid seed corn in 1938 This is over one 
seventh of the nation’s total corn acreage 

It IS safe to say that the growers who 
plant properly certified hybrid corn seed 
are not only increasing their yield per 
acre but are also insuring their crop to 
some extent against possible damage 
Under our present system of crop con¬ 
trol, this insurance of crop yield and 
increased yield per acre is of even greater 
importance to the producer than in the 
past 

< R W Jungcnheimer, Kansas Agr, Exp 8ta 
Circular No 196, 1939. 
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The possibility of utilizing heterosis 
in the improvement of other crops de¬ 
pends largely upon the practicability of 
producing the hybrid seed at a cost that 
will not be prohibitive to the grower 
An illustration of its use in an important 
vegetable crop is the recent report of two 
Russians, Selivanov and Alpat’ev® on 
^‘Heterosis m Tomatoes in the Canning 
Industry Thirty-five varietal hybrids 
were tested All were earlier in maturity 
than either parent; eleven exceeded the 
better parent in yield by 20 to 51 per cent, 
ten by 10 to 20 per cent, and the rest were 
slightly superior or equal to the better 
parent. The hybrids were better de¬ 
veloped and more disease-resistant than 
their parents and in fruit quality they 
were equal to the standard varieties The 
use of hybrid seed on the collective farms 
IS recommended and the most favorable 
parental combinations are indicated An¬ 
other possible use for heterosis is found 
in the production of faster-growing forest 
trees Experiments in this direction are 
being conducted by the Institute of For¬ 
est Genetics of the U S Forest Experi¬ 
ment Station Still another use for it 
may be found in the production of 
rapidly growing hard-wood trees like the 
black walnut 

Turning now to the third phase, breed¬ 
ing for disease resistance, the pioneer 
work of W A Orton® extended from 
1900 to 1911, and that decade of work by 
one man pointed the way to a more 
permanent agriculture In the following 
decade progress was slow, but by 1921 
the work of Norton^ on breeding aspar¬ 
agus resistant to rust, of L R Jones* on 
breeding cabbage resistant to fusarium 

6 M W Selivanov and A V Alpat ^ev, Plodoo- 

vosenoe Khozjautvo (Fruit and Vegetable 
Growing), 1 21-24, 193ft (abstract in Plant 

Breeding Abstracts, 8 497, 1938) 

8 W A Orton, U S Dept Agr. Yearbook 
1908 453-404 

7 J B Norton, U. 8 Dept Agr B. P / Bull, 
263, 1913 

8 L R Jones, Wta Agr Exp Sia, Bes Bull., 
48, 1920 


and of 0 M Reed® on resistance and sus¬ 
ceptibility of oats to various fungi had 
stimulated wide-spread interest m the 
combatting of plant diseases by the breed¬ 
ing of resistant commercial varieties. As 
a result, during the last twenty years new 
varieties which are resistant to fungus 
diseases or to insects or nematodes have 
been produced in such important field 
crops as barley, beans, cowpeas, cabbage, 
canteloupe, corn, cotton, lettuce, oats, 
peas, potatoes, sorghum, spinach, sugar 
beets, tobacco, tomatoes, watermelons and 
wheat 

Much of the earlier work on disease- 
resistant varieties consisted merely of the 
selection of resistant strains out of old 
varieties But the classical work of Orton 
on breeding wilt-resistant watermelons 
began with hybridization of the water¬ 
melon and the field melon or citron be¬ 
cause the latter was resistant to the dis¬ 
ease, although of no value as a table 
fruit. By raising successive generations 
from this cross and repeatedly selecting 
seed from the most promising plants, wilt- 
resistant watermelons of commercial 
value were finally obtained Many of 
the problems involved in the breeding of 
disease-resistant varieties by hybridiza¬ 
tion are no more diflScult than that of 
breeding wilt-resistant watermelons But 
in some cases the problems are compli¬ 
cated by the necessity of using distinct 
species having different chromosome 
numbers 

As an illustration of this more complex 
type of problem, let us consider as 
briefly as possible some of the progress 
that has been made in breeding for re¬ 
sistance to the black stem rust in wheat 
This one phase of wheat breeding has a 
long history, including many interesting 
angles and details, it will be possible here 
merely to bring out some of the high¬ 
lights in a varied panorama of agricul¬ 
tural activity 

»G M Reed, Mo Agr, Exp 8ta. Bes Bull., 
37, 1920 
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The black stem rust has long been 
known as a serious menace to wheat pro¬ 
duction in all the important wheat- 
growing countries, and a great many ef¬ 
forts were made to produce varieties 
resistant to the fungus by the older and 
simpler methods of plant breeding In 
this earlier work only common varieties 
of wheat were used either as sources of 
new selected strains or as parents of 
hybrids The common wheats are vari¬ 
eties of Trihcum vulgare; they all have 
21 pairs of chromosomes; and none are 
known to be fully resistant to black stem 
rust The chief diflSculties in breeding 
for resistance among the common wheats 
alone are (a) the natural variability 
(occurrence of physiologic races) in the 
parasitic fungus itself and (b) the fact 
that none of the many otherwise excellent 
vulgare varieties carry genetic factors 
for immunity to stem rust In spite of 
these difficulties a number of excellent 
new varieties that were partially resistant 
to the disease were produced by crossing 
common wheats and selecting in later 
generations But this was not enough 
to insure the wheat crop against possible 
loss from stem rust. As recently as 1935 
an epidemic of black stem rust in North 
Dakota resulted in losses estimated at 
$100,000,000 Now it had been known 
for many years that some of the Trihcum 
species having only 14 pairs of chromo¬ 
somes were immune to this disease. A 
variety of T dicoccum, known as white 
spring emmer, has been grown in this 
country for at least 50 years and is known 
to be nearly immune to stem rust In 
1920 Hayes, Parker and KurtzweiP® from 
the results of crossing this emmer with 
common wheat, predicted that the trans¬ 
fer of this near immunity from emmer 
to common wheat was possible This job, 
however, proved to be very difficult due 
to the high degree of sterility of the first 
generation hybrids and the linkage of 
10 H. K. Hayes, J. H. Parker and C. Knrta- 
weil, Jour, Agr, Reaearoh, 19: 523-542, 1920 


resistance with undesirable emmer char¬ 
acters. It was not until 1930 that Mc- 
Fadden^^ of South Dakota succeeded in 
combining the rust resistance of Yaroslav 
emmer with the commercial qualities of 
Marquis, a valuable common wheat, 
through hybridization and selection As 
a result he introduced two new varieties, 
H-44 and Hope, and in the all-important 
mature plant stage these two varieties 
have been found nearly immune from all 
the physiologic forms of stem rust This 
important step made possible the pro¬ 
duction of many other nearly rust-free 
varieties by hybridization either of H-44 
or Hope with other common wheats. 

As one illustration of this last phase of 
the progress in wheat breeding, let me 
mention the work of our own experiment 
station in breeding a rust-resistant wheat 
for California Realizing that many 
California wheat-growers prefer the vari¬ 
ety called White Federation, which is 
very susceptible to rust, Briggs'* has 
developed a rust-resistant White Federa¬ 
tion wheat by first crossing White Fed¬ 
eration with Hope and then by repeatedly 
backcrossmg the resistant hybrids to 
White Federation By a similar system 
of hybridization, followed by backcross- 
ing selected hybrids to the variety into 
which resistance is being introduced, 
Briggs IS working toward the combina¬ 
tion of rust resistance with resistance to 
bunt or stinking smut and resistance to 
the Hessian fiy, all in the same commer¬ 
cial variety 

Meanwhile, the physiological nature of 
disease resistance is becoming better 
understood, not only in wheat but m 
many other crop plants At the same 
time the genetics of susceptibility, re¬ 
sistance and immunity, like the genetics 
of other important qualities, is being 
worked out for many different crop 
plants. As this knowledge becomes avail- 
£ 8. McFadden, Jour, Amer, 8oo, Agron,, 
22. 1020-1034, 1930 

lap N. Briggs, Am. Nat, 12x 285-292, 1938. 
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able to scientific plant breeders, the prog¬ 
ress in plant improvement will become 
more certain, if not more rapid Con¬ 
cerning wheat, for example, Clark'* 
states* ‘‘While much work has been ac¬ 
complished with wheat, the peak of re¬ 
search surely has not yet been reached. 
Many problems remain to be solved, and 
even greater results than those obtained 
m the past may be expected in the fu¬ 
ture In general, it is worthy of em¬ 
phasis that future progress in plant 
breeding is to some extent dependent on 
more complete genetic analysis of all im¬ 
portant crop plants First the tagging 
of the chromosomes, then the mapping of 
the chromosomes, as has been done in 
Drosophila, will give the only sure 
foundation for the breeding of new vari¬ 
eties “to order “ Such genetic analysis 
IS well advanced in maize, and some prog¬ 
ress has been made with barley, garden 
peas, common beans, rice, oats, wheat, 
soy beans, cotton, flax, tomatoes and to¬ 
bacco, as well as the garden snapdragon, 
Japanese morning glory, sweet pea and 
other ornamental flowers 
As an illustration of a still more ad¬ 
vanced type of plant breeding, let us 
consider the use of an amphidiploid hy¬ 
brid in bridging two species which pro¬ 
duce completely sterile hybrids Fortu¬ 
nately we have an interesting illustration 
of this from a recent achievement in 
breeding disease-resistant tobacco Com¬ 
mercial tobacco, NicoUana Tabacum, is 
seriously affected by a virus disease called 
tobacco mosaic Now it happens that 
another species of Ntcotiana, N gluhnosa, 
IS hypersensitive to this same mosaic 
virus, but because of this hypersensitivity 
each infected area is self-limiting and 
therefore Nicohana gluUnosa is, practi¬ 
cally speaking, immune to the disease 
Dr F 0. Holmes, of the Rockefeller In¬ 
stitute for Medical Research, was in¬ 
terested m breeding mosaic immune 

A. Gark, U. 8. Dept. Agr. Yearbook, 
1936. 207-302. 


commercial tobacco. In the hope of in¬ 
troducing immunity from N, gluttnosa 
into N Tahacum, he hybridized the two 
species, but all his first generation hy¬ 
brids were completely sterile. Now it 
happens that two of my colleagues, R B. 
Clausen and T H. Goodspeed,“ had been 
interested in the cytogenetics of Ntc<h 
tiana for many years and, among the 
various experimental hybrids that they 
studied, were some between N gluttnosa 
and N Tahacum These two species 
differ in many morphological characters 
and, as would be expected, the Fi hybrids 
exhibit a combination of various char¬ 
acters from the two species Now N. 
gluttnosa has 12 pairs of chromosomes, 
whereas N Tahacum has 24 pairs; so the 
Fi hybrids should have 36 chromosomes, 
12 gluttnosa + 24 Tahacum, and because 
of this unbalanced relation between the 
chromosomes these hybrids would be ex¬ 
pected to be highly or completely sterile. 
Such indeed proved to be true except for 
one of the Fi hybrids, which proved to 
be fertile and which a year later produced 
a family of 65 plants which were uni¬ 
formly fertile and were found to have 
72 instead of 36 chromosomes Evidently 
the original fertile hybrid plant arose 
from a doubling of the chromosome num¬ 
ber immediately or soon after fertili¬ 
zation by which a tetraploid hybrid with 
36 patrs of chromosomes was produced; 
and these 36 pairs consisted of the normal 
diploid complement of gluttnosa -f the 
normal diploid complement of Tahacum, 
In other words, the fertile Fi hybrid was 
an amphidiploid and, since each parental 
set of chromosomes behaved normally in 
gamete formation, the hybrid was fertile 
and when selfed produced a uniform 
family of amphidiploids This new type, 
combining characteristics from two very 
distinct species, was named Nicotiana 
digluta Since digluta has a complete 
complement of gluttnosa chromosomes as 

B E Gausen and T. H. Qoodspeed, 
Oenettcs, 10* 27S-284, 1926 
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part of its hereditary mechanism, it of 
course carries the factor or factors for 
hypersensitivity to the mosaic virus So 
when Holmes appealed to Clausen for 
suggestions as to how he might introduce 
this practical immunity into commercial 
tobacco, Clausen sent him seed of N 
dtgluta and suggested a plan of pro¬ 
cedure. By crossing dtgluia with several 
varieties of commercial tobacco and back- 
crossing mosaic-free hybrids to the Ta- 
bacum parent repeatedly for several 
generations, Holmes has established sev¬ 
eral new lines that have the character¬ 
istics of commercial tobacco and are as 
immune to mosaic as glutinosa A cyto¬ 
genetic analysis of just what took place 
among the chromosomes in achieving this 
result has not been made One possible 
explanation is that a translocation oc¬ 
curred between the glutinosa chromosome 
carrying the hypersensitivity gene, the 
N factor of Holmes^® and one of the 
Tabacum chromosomes The true ex¬ 
planation must await further cytogenetic 
research Meanwhile, this experience m 
tobacco breeding illustrates how practi¬ 
cal results are sometimes obtained with¬ 
out our knowing the exact scientific ex¬ 
planation of how they happened It also 
provides a fine illustration of an impor¬ 
tant practical application following upon 
a purely theoretical achievement, namely, 
the discovery of the amphidiploid hybrid, 
NicoUana dtgluta, which was a gift of 
nature 

It should be noted that the same ob¬ 
jective could have been reached if Holmes 
had had a tetraploid form of Tabacum 
with which to work instead of N dtgluta 
By crossing such a tetraploid with N 
glutinosa his first hybrid would have had 
12 glutinosa 48 Tabacum chromosomes 
just as before, and the same program of 
backcrossing to commercial tobacco would 
have been in order 

This brings up the subject of the arti- 

18 F O Holmes, Phytopathology, 28 653-561, 
1938 


ficial production of tetraploids from 
diploids and of amphidiploids from nor¬ 
mal first-generation hybrids between spe¬ 
cies And this IS only one phase of very 
important recent developments in cyto¬ 
genetics It will serve to introduce the 
concluding portion of this paper in which 
a brief review will be attempted of recent 
progress in plant breeding technique. 

Several different methods are known by 
which the chromosome complement of a 
plant may be doubled In briefest sum¬ 
mary these are as follows First, the 
the decapitation method of Winkler'® has 
been used recently by Greenleaf'^ with 
certain modifications in the production 
of amphidiploids from Pi hybrids be¬ 
tween species of NicoUana Second, sub¬ 
jection of the plant to abnormal tempera¬ 
tures for the purpose of accelerating or 
retarding the process of cell division has 
been used by Randolph'® and others 
with success Third, the use of x-rays 
and other types of radiant energy on 
seeds, pollen and other parts of the plant, 
as discovered by Good speed'® is a possible 
method of producing tetraploids Fourth, 
the application of various poisons will 
retard cell division, as was first demon¬ 
strated by Ncmec®® in 1904, and will 
sometimes result in tetraploid offspring, 
as has recently been proved by Nebel,*' 
Blakcslee and co-workers®® and many 
others 

Following the artificial induction of 
tetraploids of a given species or variety, 
it IS a simple matter to obtain triploids 
by crossing tetraploids with diploids. 

16 H Winkler, Zeitschr Bot ,2. 1-38, 1910 

11 W H Grcenleaf, Jour Heredity, 29 451- 
464, 1938 

F Randolph, Jour Agr Research, 60* 
691-605, 1935 

18 T H Goodspced and A R Olson, Proo Nat 
Acad Sci, 14 66-69, 1928 

20 B Nfmec, Prxngsh Jahrb, Wiss, Bot, 39: 
645-730, 1904 

21 B R Nebel, Biol Bull , 73 351-352 (Oct ), 
1937, Nature, 140 1101 (Doc), 1937 

22 A F Dlakcsloc, et al , Carnegie Inst Wash 
Year Book No 36 38-44 (Dec ), 1937 
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Since triploids are generally highly or 
completely sterile, it is sometimes pos¬ 
sible to produce vegetatively propa¬ 
gated seedless fruits of great horticul¬ 
tural value by this method Whether in 
the production of seedless fruits or in 
the creation of amphidiploids which may 
be directly useful or used indirectly in 
further breeding operations, the saving 
of time in obtaining the desired result 
stands out as an important consideration 

Other valuable time-saving techniques 
have been devised m recent years, of 
which the following will serve as ex¬ 
amples By artificially controlling the 
length of daylight, two varieties or spe¬ 
cies which normally fiower at different 
times may be brought into bloom simul¬ 
taneously, thus facilitating hybridization 
between forms with short-lived pollen 
Vernalization, or advancement of the 
rate of development of plants by means of 
pretreatment of the seed, provides an¬ 
other way of synchronizing the flowering 
periods of unlike species and varieties 
Whole plants or flowering branches of 
one variety or species may be kept in 
nutrient solutions of chemicals or in cold 
storage, thus insuring available pollen for 
crosses on another variety or species In 
the work of purification of material by 
repeated inbreeding or m repeated selec¬ 
tion in successive hybrid generations, 
time can sometimes be saved by growing 
successive generations alternately in two 
different localities without waiting for 
recurrence of a favorable season in a 
single location. In this connection arti¬ 
ficial methods of breaking the normal 
rest period of the seeds are sometimes 
utilized 

One of the most interesting and valu¬ 
able time-saving techniques is the culture 
of embryos in nutrient media The use 
of nutrient media in the culture of orchid 
seedlings has been a standard procedure 
for years The possibility of using this 
method to insure germination and hasten 
development in other genera which are 


normally slow and irregular in germina¬ 
tion does not seem to have been appreci¬ 
ated until recently Dr W E Lammerts, 
of the Armstrong Nursery Company, is 
engaged in the breeding of roses and 
peaches and some other fruits In order 
to hasten germination and subsequent 
development, he removes the coverings 
from the embryos and places each embryo 
in a small vial of nutrient agar The ma¬ 
jority of the embryos germinate promptly 
and can soon be transferred to tiny pots 
of sand in the greenhouse, after which 
they are carried along by transplanting 
as rapidly as possible Dr Lammerts 
writes (unpublished data) that he has 
obtained a flower on a hybrid rose seed¬ 
ling within six months after culturing 
the embryo He also states that vitamin 
Bi has been very effective in giving 
higher percentages of germination in cer¬ 
tain cultures where the embryo failed 
in many cases to form roots Also the 
number of roots is much greater in the 
vitamin treated cultures than in the con¬ 
trols, so that transplanting to the little 
sand pots is easier Furthermore, in hy¬ 
brid peaches the embryo cultured trees 
develop more rapidly For example, 
from peach crosses made in the spring of 
1936,123 trees were grown from cultured 
embryos and 117 from seeds germinated 
by the usual method of stratification Of 
the 123 embryo cultured trees, 113 
flowered and 71 fruited m 1938, whereas, 
of the 117 giown from stratified seeds, 
only 65 flowered and 36 fruited in 1938. 
Also there was a greater number of 
flowers per tree in the embryo cultured 
group Dr Lammerts is cooperating 
with Dr Bonner of the California Insti¬ 
tute of Technology in testing nicotinic 
acid, theelin and ascorbic acid as aids 
in the embryo culture work Regarding 
roses there seems to be no doubt that 
embryo culture is worth while, and as 
lor peaches Lammerts is convinced that 
embryo culture pays for the following 
reasons (1) the higher percentage of 
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germination obtained; (2) the securing 
of a more representative random sample 
as a result of the higher percentage of 
germination; (3) the speeding up of the 
life cycle so that a two-year breeding 
program can be followed. Perhaps the 
most outstanding results are those ob¬ 
tained with apricots, which are well 
adapted to embryo culture technique, 
both as regards high percentage of germi¬ 
nation and rapid, vigorous growth of 
seedlings 

Even in so brief a discussion of tech¬ 
nique as this, one must not fail to mention 
the importance of cytology in plant 
breeding and to acknowledge the debt 
we owe to such pioneers as Belling, who 
devised the iron-aceto-carmine smear 
method as an aid in the rapid determina¬ 
tion of chromosome numbers This 
method with its many later modifications 
has perhaps done more for the advance¬ 
ment of plant breeding than any other 
single technique Many of the demands 
made of the plant breeder can be met 
only by the use of two or more distinct 
species The well-informed breeder, 
about to start a new project, will insist 
on knowing the chromosome numbers of 
the species and forms with which he must 
work; and in all such projects the fre¬ 
quent checking of the chromosome situ¬ 
ation IS important In certain groups of 
plants, such as, for example, the grasses, 
sexual reproduction may be absent, the 
seeds being produced by some type of 
apomixis The importance of advance 
information concerning such a situation 
must be obvious New cytological tech¬ 
niques are continually being developed 
to meet such needs. 

Reference should also be made to the 
use of improved statistical methods in the 
interpretation of plant breeding data, 
and to the value of applying statistics 
in the preliminary planning of such op¬ 


erations as comparative progeny tests as 
a basis for selection; see Fisher's ‘‘The 
Design of Experiments."** The recent 
work of Harrington** on the number of 
replicated small plot tests required in 
regional variety trials is a good illustra¬ 
tion of the scientific solution of such a 
practical problem. Lack of time prevents 
more than this passing reference to a 
very important phase of recent progress 
in plant breeding 

In conclusion let me mention the im¬ 
portance of research as the basis for 
future progress m plant breeding, es¬ 
pecially the significance of current re¬ 
search m the field of physiological 
genetics It is safe to say that the re¬ 
lations between the chromosomes and the 
cytoplasm, on one hand, and the morpho¬ 
logical and physiological characters of 
the plant, on the other hand, seem likely 
to be more clearly understood in the near 
future New light on the genetics of 
size and of growth and form of the or¬ 
ganism and its parts may lead to a 
better understanding of heterosis and to 
a more successful utilization of this phe¬ 
nomenon Research on the genetics and 
physiology of development in plants is 
just getting under way, but it gives 
promise of future enlightenment which 
will have an important bearing on breed¬ 
ing for such qualities as yield, chemical 
composition and resistance to cold, 
drouth, diseases and pests The artificial 
distinction between “pure" and “ap¬ 
plied" research can no longer be main¬ 
tained in general, it seems certain that 
henceforth scientific research on plants 
and scientifically practical plant breed¬ 
ing will go hand m hand m the service 
of society 

asB A Fisher, “The Design of Experi¬ 
ments,” 252 pp. Edinburgh and London, 1935. 

a* J B Harrington, Jour» Amer, Soo Agron , 
31 287-299, 1939 
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With mingled emotions of doubt and 
desire, We received the reports of the 
epochal experiments of Dr Walter Reed 
and his notable associates on the field of 
Quemados in Cuba in 1900 When we 
were told that these remarkable men had 
demonstrated that yellow fever was 
conveyed only through the bite of a 
common house mosquito, then called 
Stegomyia, we were amazed and incredu¬ 
lous, yet longing to believe it were true 
I recall vividly the conference with Chief 
Justice Albert H. Whitfield, of the State 
Supreme Court, soon after the results of 
the experiments were reported As we 
sat on the porch on a fine spring after¬ 
noon, Justice Whitfield, from his wide 
knowledge and much wisdom, spoke of 
his experiences in several fever epidemics, 
his consultations with veteran physicians 
and his talks with intelligent men and 
women who had been in personal contact 
with the ravages of the disease The 
apparent facts that he had gathered from 
these different sources made it difficult 
for him to accept the conclusions of the 
Army Commission of surgeons. At the 
conclusion of our conference he went 
slowly and thoughtfully down the walk, 
shaking his head in doubtful protest, and 
I imagined him soliloquizing* “Can it be 
possible that these epidemics of yellow 
fever which have ravaged the South again 
and again, closing the schools, eliminating 
railroad trains, shutting down factories, 
closing stores, depopulating cities and vil¬ 
lages, paralyzing all activities and killing 
hundreds of people—can it be possible 
that all this has been brought upon us 
by a tiny, insignificant mosquito f” 

We waited for further details of the 
experiments and for a practical demon¬ 
stration of the conclusions of the com¬ 


mission It came more quickly than we 
expected and with indisputable proof 
when Major Gorgas in 1901 exterminated 
the fever in midsummer from the city of 
Havana, a permanently endemic center of 
the disease A few years later, if added 
proof were desired, it came again when 
the epidemic of 1905 in New Orleans was 
promptly abated and completely extermi¬ 
nated before the natural exterminator, 
the ever dependable frost, had come to 
do its work Then we had to believe, and 
with what profound and grateful relief 
we accepted the verdict I 

But the results of all this great work 
came after the epidemic of 1898 At that 
time we were firmly entrenched in our 
age-old belief in contamination from per¬ 
sonal contact, from clothing and bedding 
used by fever victims and from other 
unknown, mysterious sources The phase 
of the fever epidemics that frightened us 
most and was most responsible for the 
mad hysteria which always seized us was 
the inscrutable, utterly incomprehensible 
source from which infection came “It 
was the mystery of its [fever] onset and 
the strange unaccountable manner of its 
propagation which chilled the heart and 
struck terror to the bravest “ With this 
background, the epidemic of 1898 began 
its career and suddenly came upon us m 
late September in our quiet, peaceful col¬ 
lege community in Mississippi 

“Both cases are genuine yellow fever 
There will be a meeting at four o’clock 
in front of the secretary’s office to decide 
what we are going to do “ These were 
the words of the messenger, riding his 
wheel at full speed, and stopping at each 
house just long enough to deliver his 
message 

To those living in more northern lati- 
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tudes such a message could scarcely come, 
and its full portent could never be real¬ 
ized But here in Mississippi, where frost 
before November is unusual, the herald 
left behind him men and women with 
pale, awe-stricken countenances, who 
knew not when or how this mysterious, 
deadly malady, ‘‘this pestilence that 
walketh in darkness,” might strike them 
For forty-eight hours, since our local 
physician had divulged his suspicions 
and an expert diagnostician had been 
telegraphed for, we had met by twos and 
threes and fours, always with this ques¬ 
tion on our lips—‘‘What were you going 
to do if the specialist pronounces it yellow 
fever?” Aye, there was the rub What 
were we going to do? Had we been ‘‘ex¬ 
posed”? If so, then by going north to 
cooler latitudes, we would run the risk of 
almost certain death were we to ‘‘come 
down” with the fever Could we get a 
special train to St Louis or Chicago? 
We probably could, but we would cer¬ 
tainly be locked within and not allowed to 
stop south of Cairo, Illinois Besides, if 
some one should happen to be stricken 
with the fever in the closed car, all, ac¬ 
cording to the current belief, would 
become exposed and have to remain m 
quarantine for days in St Louis in addi¬ 
tion to running the risk of a ‘‘spell” of 
fever in a cool region Later, the problem 
became further complicated because of a 
dinner party held two or three evenings 
before, one member of which had been 
taken to the infirmary, where his illness 
had been diagnosed by the expert. Dr 
H A. Gant, as a case of yellow fever No 
doubt the onset of the fever began the day 
of the dinner At least several now re¬ 
called that he looked languid and tired 
that evening In the event that this was 
true, every one present must be regarded 
as a possible victim of infection and, 
therefore, a dangerous person with whom 
to associate Who would care or scarcely 
dare to ride for eighteen hours in a closed 
railroad coach with these potential dis¬ 
seminators of this dreadful disease? 


Dr Gant’s report of his inspection of 
the cases of illness at the college is of 
interest especially as it indicates the great 
fear of this dread disease The people 
had gathered at the station to meet the 
‘‘Special” which was bringing the ex¬ 
pert, but they gave him a wide berth as 
though he might, in some mysterious way, 
be a source of danger. Dr Gant says; 

As I stepped out of the coach, I noticed the 
people all gave waj and allowed me a broad 
road to a horse and buggy being held by a negro 
man Some one called to mo, * There is your 
buggy, Doctor,’ and when I reached the negro 
he said, 'You just follow that buggy ahead of 
you, that man will lead you to the College ’ 
General Stephen D. Lee was one of the noblest 
and bravest of men but when we met on the 
Campus, and I made the announcement of the 
fever, ho turned pale and looked almost as if 
he would faint, such was his anxiety and distress 

The time was now past for argument 
concerning contagion versus non-con- 
tagion from personal contact In this 
hour of hysteria, any commonly reputed 
way of ‘‘catching” the fever was accepted 
as a probability from which escape was 
to be provided at any cost Why not go 
into the country and stay at a farmhouse 
for a few weeks? ‘‘You will have to face 
a shotgun first,” grimly remarked our 
veneiablc professor of English True 
enough We had forgotten for the 
moment that in less than two hours after 
the telegram was sent for the specialist 
the campus had been surrounded by 
guards from the nearby town armed with 
shotguns and placed at intervals of one 
hundred yards, thus completely hemming 
us in from the outside world 

At four o’clock, we met in compliance 
with the messenger’s notice Some one 
had already definitely ascertained that a 
special train, with the restrictions before 
mentioned, would be furnished within 
twenty-four hours for those who wished 
to go to St Louis This necessitated, at 
least, a fifteen-hour ride mostly during 
the night, locked within an ordinary and 
crowded day coach with the added risk 
of all being exposed to the fever. But 
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men and women were panic-stricken. 
Reason had taken wings and had flown 
out of the window. All acted on the one 
idea of getting away and at once. The 
writer, never having had any experience 
with yellow fever and being unable to 
sense the great danger, chose to remain 
behind Prom this distance in time and 
experience, it must be acknowledged that 
we were excellent exemplars of Pope's 
aphorism, “Pools rush m where angels 
fear to tread " 

The decision was soon made and the 
request for the tram put in at once. 
After the usual uncertainty and delay iii 
matters of this kind, it was finally ascer¬ 
tained that the tram would leave the vil¬ 
lage of Starkville, one and one-half miles 
distant, some time during the following 
afternoon Portunatcly, this branch of 
the Mobile and Ohio ran directly through 
the college grounds, a situation which 
forestalled any personal complications 
with the guards surrounding the campus 
Since the final announcement of the 
tram's schedule, there was left no more 
than time to bring together haphazardly 
the necessary articles for a month's ab¬ 
sence It was an occasion of frantic, 
bewildering haste, with homes and chat¬ 
tels left as they stood Dwellings were 
l^ft with doors unlocked, indeed, with 
some standing open as the occupants had 
rushed through and away. This was no 
time to think and plan for the care of the 
inanimate things left behind The preser¬ 
vation of life was too absorbing to worry 
about material possessions 

Since this was to be the last train out 
and the last opportunity to communicate 
with our faraway friends and relatives, 
we wrote many hasty letters to be mailed 
in St Louis by the courtesy of our depart¬ 
ing neighbors Years afterward, I saw 
one of the letters we had written It was 
punched through with many jagged holes 
m preparation for the thorough fumiga¬ 
tion it had received m St Louis in accord¬ 
ance with the futile practices and regula¬ 


tions of the time. We who stayed behind 
were a trifle doubtful, but having made 
up our minds, it seemed weak and vacil¬ 
lating to change, so we watched the tram 
disappear m the distance and returned 
courageously to our home With the 
departure of the tram, we realized that 
the campus had been the scene of a mod¬ 
em exodus The empty houses, the lack 
of a familiar face or voice to greet us 
and the suddenly hushed activity had 
changed its aspect to that of a deserted 
village. Our emotions were many and 
mixed, not the least of which concerned 
the matter of life and death during the 
next few weeks 

The yellow fever special carried two 
day coaches, one for the inhabitants of 
the near-by village who wished to get 
away from all danger of the fever and 
one for the people of the college In¬ 
structions had been issued by some official 
to lock the doors of the latter coach m 
order to prevent its passengers from wan¬ 
dering outside and exposing persons with 
whom they might possibly come m con¬ 
tact while enroute, but that perversity m 
human affairs which often upsets care¬ 
fully made plans confused the orders and 
the town people were locked within their 
coach, while the supposedly dangerous 
college individuals were allowed their 
freedom At the time it seemed the 
height of irony, but after the danger had 
passed it became the subject of much 
good-natured banter It is fortunate that 
we can still look back upon our past pre¬ 
dicaments with a refreshing sense of 
humor 

Probably no one except an occupant 
of the coach can ever adequately describe 
that night ride to St Louis The few 
individuals who had been guests two or 
three evenings before at the dinner party 
were a particularly distiubmg element. 
Every one feared them, and although 
they were beloved neighbors a few days 
before, they were now objects of suspicion 
and fear to be shunned and set apart. It 
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was scarcely possible to get far from them 
in a coach where standing room only was 
to be had for some, and the floor, in the 
aisle, was crowded with sleeping children 
A near and dear relative of one of the din¬ 
ner party, with studied avoidance of her 
intimate km, established her family at 
the opposite end of the car for such 
fancied protection as this short distance 
might afford To such lengths will most 
of us go under the impelling stress of 
ignorant fear. The night was undoubt¬ 
edly one of real terror to all of those old 
enough to realize the danger as the cur¬ 
rent knowledge depicted it. Every per¬ 
son looked at his neighbor with distrust 
and suspicion, expecting any moment to 
see the dreaded thing strike some one 
Every known or suspicioned headache, 
every flushed cheek, every touch of nausea 
or evidence of faintness invoked a sudden 
fear and aroused an unreasoning emotion 
of imminent danger Nor did this fear 
of each other end on leaving the tram in 
St Louis There, each family went its 
own way to find rooms remote from 
former neighbors until the fruition period 
of possible infection had surely passed 
The campus was divided by the rail¬ 
road into a north portion, the college 
proper and a south portion, a residential 
section; and, if my memory and co¬ 
existent notes serve accurately, we were 
the only family left on the south side 
There were two other individuals of whom 
we shall speak later Every family and 
individual were isolated and, in general, 
warned not to approach any nearer each 
other than fifty yards This regulation 
was facilitated by the number of com¬ 
fortable, empty houses available. Col¬ 
ored servants were plentiful m those days, 
but when we returned to our home from 
seeing the tram away not one was in evi¬ 
dence—Aunt Emmeline, the cook, Eliza, 
the laundress, and Early Washington 
Livingston, boy-of-all-jobs, had melted 
away, vanished like the dew on a summer 
morning. They were wise, albeit fear 


was the basis of their wisdom. One be» 
lated colored man attempted to scale the 
fence too late and not obeying the com¬ 
mand to halt, received a charge of small 
shot and lost an eye, but somehow even¬ 
tually got by. We took this lesson to 
heart, for we knew then beyond the pos¬ 
sibility of a doubt that the guards meant 
to carry out their instructions 
The two individuals living on our side 
of the campus were General Stephen D. 
Lee, president of the college, and W. H. 
Magruder, head of the department of 
English In the area within the cordon 
of guards these men organized and 
directed all the activities and saw to it 
that the regulations were carried out to 
the minute General Lee was a man 
slightly over six feet m height with a 
physique m full proportion lie was still 
every inch a soldier, with an austere, 
positive and sometimes domineering tem¬ 
perament, especially when excited I re¬ 
call a visit to his office when I found him 
pacing up and down the floor rehearsing 
a speech which he was to deliver later at 
the commencement exercises of the State 
College of Iowa I had no more than 
crossed the threshold before he came at 
me like a lion and shaking his fist, ex¬ 
claimed, ‘‘Sir, we had the argument, we 
had a right to secede and you had no 
right to coerce us ** What little equanim¬ 
ity I might have had under normal con¬ 
ditions fled completely, and I stammered • 
“Yes, sir. General, no doubt, no doubt. 
You know, sir, I was born several years 
after the war and really, I-I know noth¬ 
ing about it “ Immediately he smiled 
and became at once solicitous toward my 
request for funds for some small equip¬ 
ment to facilitate the work of the depart¬ 
ment over which I presided Notwith¬ 
standing his stern demeanor he was as 
sympathetic and compassionate as a 
woman This gentle quality of his char¬ 
acter was evident in his tender care of 
an invalid wife and his loyal devotion to 
her through long, busy years. General 
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Lee will always occupy a warm and secure 
place in my affections for the sympathetic 
and loyal backmg he gave to a young 
Yankee in the early years of his career. 

W H Magruder was another intrepid 
soldier who still carried the scar of a 
bullet received through his cheek at Kene- 
saw Mountain, where he nearly gave ‘‘the 
last full measure of devotion'* to the 
South from doing his part in an effort 
to stop Sherman’s march to the sea. 
These two fearless men, compatriots in a 
devastating civil war, were now com¬ 
panions in a fight against a mysterious 
foe scarcely less destructive of human 
life They were ably assisted by Dr W. 
H Barr, a calm forceful man with a 
delightfully dry wit, afraid of nothing 
and no one lie was continuously on 
duty, caring and prescribing for the sick, 
watching with an eagle eye over the well, 
directing the sanitary arrangements and 
finally, if need be, ready to assume the 
functions of an undertaker for those who 
might die This faithful, enduring man 
cheered and inspired every one during 
those long anxious days A good physi¬ 
cian often becomes a great humanitarian 

The two old soldiers were rejuvenated 
and fired again with the martial spirit 
which had long lain dormant during years 
of civil duties. Both sat their horses well 
and every morning and evening they rode 
in company around the campus, and halt¬ 
ing at some distance before each house, 
would halloo to the inmates If we an¬ 
swered the call all was well, greetings 
were exchanged, inquiries after the 
patients were made, speculations regard¬ 
ing the probable time of the first frost 
were offered and they were gone until 
another day wore itself around If per¬ 
chance the occupants did not respond, it 
was understood that the doctor would be 
notified and we would be taken to the 
infirmary, where the fever would have to 
run its course. There was no sure escape 
from the disease except to run away from 
it. If one elected to stay with an epi¬ 


demic he simply chose to take the serious 
risk of a chance infection. 

Our first act was to ascertain whether 
he would be able to get food and supplies. 
We found that one grocery store in a vil¬ 
lage of three thousand inhabitants re¬ 
mained open, ready for service Business 
was at a standstill—those stores whose 
proprietors had not already left found 
they might as well close and save the 
expense of upkeep; but the conditions in 
the village were not nearly as serious as 
they would have been had the fever 
actually been present among the inhabi¬ 
tants Many towns in the state in which 
cases of fever were present were literally 
deserted during the danger period It 
was arranged that the supplies from town 
should be delivered at the campus gate, 
from whence one of the guards would 
bring the packages one hundred and fifty 
yards inside and then retire, allowing us 
to come forward and get them It soon 
transpired, however, that a fearless em¬ 
ployee of the college was willing to gather 
up the food and distribute it by leaving 
the packages at a very respectful distance 
m front of each occupied house, where 
we could get them with little trouble and 
without danger of coming in contact with 
any one A little later we were notified 
that milk and butter would be furnished 
gratis from the college farm Milk we 
had, for one of our neighbors had left his 
cow in our care and we were pasturing 
It in our other neighbor’s lot, while our 
horse was turned out to the common It 
will be noted that “horse and buggy 
days’’ could be real interesting 

During the first few days of the siege 
it seemed that we were perforce to become 
vegetarians, for the source of our meat 
supply had vanished, but we had not real¬ 
ized the resources of a college farm. We 
were most agreeably surprised to receive 
early notice that meat from animals 
slaughtered on the farm would be fur¬ 
nished at frequent intervals. Still later 
came an order informing us that small 
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quantities of vegetables from the grounds 
of the horticultural department would be 
distributed daily No center of infection 
during this state-wide epidemic could 
have been as favorably situated as we 
were in this limited area. Certainly we 
had never before and have never since 
lived with less personal expense than dur¬ 
ing that long month of waiting We had 
little thought, however, for that phase of 
our existence Indeed, the social and eco¬ 
nomic ills of the world were forgotten for 
the moment, a happy compensation for 
our many anxieties 

When people are confined within a defi¬ 
nite enclosure knowing there is no chance 
of getting out for weeks, even a half-acre 
lot becomes small and monotonous. The 
enforced absence from technical books 
and the laboratory irked, perhaps, the 
most, although not as profoundly as it 
would have in later years when these tools 
became more vital elements in my life and 
work We made as much as possible of 
the household duties, and happily there 
were no restrictions on thinking It was 
a grand opportunity, if one could forget 
the implications and dangers of the situa¬ 
tion, to think and plan for the future. 
We had the assurance that nature would 
eventually rescue us if we were fortunate 
enough to escape the mysterious sources 
from which the fever came Why or how 
the friendly, hoary frost eliminated the 
disease no one knew—that it did, how¬ 
ever, was a well-known and thoroughly 
established fact Had we known that the 
Stegomyia mosquito became inactive at 
temperatures below 60® P and that it 
quickly died at temperatures below 40®, 
It would have had no meaning for us 
We should have regarded it simply as an 
interesting bit of knowledge wrought out 
of the biological world by an inquisitive 
genius bent on prying into the secrets of 
living things The baffling mysteries 
which surrounded yellow fever previous 
to the discoveries of the Reed Commission 
seem to-day almost incredible Dr. G 


Farrar Patton remarks, ‘‘Nowhere in the 
history of scientific research is there a 
more conspicuous instance of the tenacity 
with which nature seems to guard her 
secrets than in the long and deadly strug¬ 
gle it cost mankind to wrest from her the 
secret, so priceless yet so simple when 
discovered, of the causation of yellow 
fever ** The Stegomyias hummed mer¬ 
rily around us, but we knew nothing of 
their potentially dangerous qualities— 
they were merely annoying mosquitoes, 
nothing more The individuals with 
which we came in contact were certainly 
uninfected with the causative organism 
of the fever None of the mosquitoes car¬ 
rying infection reached our end of the 
campus or, if they did, they failed to 
reach us 

Experience had shown that during an 
epidemic of yellow fever a certain per¬ 
centage of the cases would terminate 
fatally Therefore, General Lee, with 
his penchant for organization, notified 
the few unmarried instructors who had 
chosen to remain on the campus, that 
they would meet the next morning to go 
over the adjacent field with the worthy 
purpose of selecting a site for the burial 
of any chance victims of the fever It 
IS one thing for a young man to select a 
lot in a cemetery in which he may rest in 
the dim, distant future and quite another 
matter to choose a site for a grave m 
which he may he within the week The 
doleful, anxious countenances, the lag¬ 
ging footsteps and the total lack of enthu¬ 
siasm for the expedition were painfully 
evident, especially in the face of the gen- 
eraPs cheerful enjoyment of another 
opportunity for organization. The crest 
of a ridge in an open field just east of 
the campus was chosen with little argu¬ 
ment, and they hurried away from the 
grim business The incident gave the 
General a fine opportunity to chaff the 
young men for their apparent lack of 
those qualities of stern courage which he 
maintained should characterize a soldier 
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under fire Happily, not one of the nine 
oflScially reported cases of fever proved 
fatal, and the emergency burial field 
remains still unoccupied 

This zero mortality was undoubtedly 
due, in large part, to the constant atten¬ 
tion and skilful treatment given the 
patients by Dr Barr, to the care of the 
faithful nurse in attendance and to the 
excellent facilities of the college infir¬ 
mary Available statistics from twenty- 
seven cities and villages in the state report 
a total of 747 recognized cases of fever, 
with a death list of 51, a mortality of 
slightly less than 7 per cent 

How anxiously we watched and waited 
for an early frost. We noted the furry 
Isabellas scurrying along in quest of 
winter retreats and recalled the old say¬ 
ing, “hurrying caterpillars and an early 
fall,“ hoped and prayed it might be so, 
and it was so It came during early 
November, and had we been pagans we 
would certainly have elevated frost to the 
status of a god and held a festival in his 
honor One could feel the great shout of 
relief and joy throughout the land. The 
twinkling fires of the guards died out, the 
shivering men hurried home to their own 
firesides, the exiles returned, normal 
activities began, the college opened on the 
15th of November, and the last wide epi¬ 
demic of yellow fever was at an end 

It was a few days over two years, how¬ 
ever, before we knew that never again 
were we to pass through a similar experi¬ 
ence. Late in the evening of December 
31st of the year 1900 Walter Reed from 
the Barracks in Quemados, Cuba, wrote 
to his wife in Baltimore. 

Only ten minutes of the old century remain 
Here I have been sitting reading that most won¬ 
derful book, **La Roche on Yellow Fever,'* 
written in 1853 Forty seven years Inter it has 
been permitted to me and my assistants to lift 
the impenetrable veil that has surrounded the 
causation of this most dreadful pest of human 
ity and to put it on a rational and scientific 
basis. I thank God that this has been accom¬ 
plished during the latter days of the old cen¬ 


tury May its cure be wrought in the early days 
of the new I The prayer that has been mine for 
twenty years, that I might be permitted in some 
way at some time to do something to alleviate 
human suffering has been granted! A thousand 
Happy New Years! . Hark, there go the 
twenty-four buglers in concert, aU sounding 
^^Taps" for the old year 

History holds many lessons for us, and 
it may be well to have recalled something 
of the suffering and economic losses 
caused by past epidemics of yellow fever, 
although it IS improbable, thanks to our 
knowledge of the epidemiology of the dis¬ 
ease, that this country will ever suffer 
again from its ravages During the years 
following Reed’s discovery, the work of 
eliminating the fever from this country 
went along rapidly and successfully By 
1927 it was thought that the disease had 
been practically eradicated from the 
Western Hemisphere Then suddenly a 
most perplexing situation arose—urban 
epidemics of the fever developed in cer¬ 
tain South American cities Again, the 
matter was clouded with mysteiy Prom 
whence came the infection? Where and 
what was the source from which the virus 
came that started these epidemics? For¬ 
tunately, we have in this country a mar¬ 
velous institution ready and eager to 
engage in an effort to solve the difficult 
problems affecting the physical ills of 
mankind The Rockefeller Foundation, 
the watchdog of the ills of humanity and 
probably the greatest single independent 
agent for the amelioration of those ills, 
began an investigation at once An inten¬ 
sive survey disclosed that vast areas of 
the hinterland of South America are 
endemic centers of “jungle yellow fever” 
in legions where no Stegomyia mosquitoes 
exist These rural reservoirs of perma¬ 
nent infection serve as a source from 
which the fever is caMic*d into densely 
populated areas of cities inhabited by 
Stegomyia and an epidemic ensues Sur¬ 
prisingly enough, additional species of 
mosquitoes, other than Stegomyia, in the 
jungle areas have been incriminated as 
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*‘nataralTeetora of yellow fever.” Thoa 
the problem involving this disease has 
again become complex and greatly broad¬ 
ened in its aspect One naturally in¬ 
quires regarding the significance of this 
new development for the United States. 

It is hard to realise that instead of a 
distance measured by a voyage of a week 
or more, we are now within a fiight of 
hours from the cities of South America; 
and as Dr. V. Q Heiser says, ”A mos¬ 
quito loves to ride in an airplane as 
much as a dog does in an automobile 
Open a door a crack to either one and 
he or she will hop in.” Unquestionably 
mosquitoes are capable of nding for many 
hours in an airplane and arriving at a 
landing field in an active, lively condition. 
Moreover, infected mosquitoes are prob¬ 
ably just as eager and able to ride in an 
airplane as uninfected ones. It therefore 
seems not at all impossible for yellow 
fever to be reintroduced into this country. 

We must not forget, however, that 
Walter Reed and his associates have lifted 
the impenetrable veil surrounding this 
disease and have ”put it on a rational 


and scientific basia.” Am a rtsolt, the 
prophylactic measurea that have bem 
developed for the control of the fever 
indicate, with some degree of assurance, 
even though infected mosquitoes may be 
brought to this country in airplanes and 
though the insects may bite non-immunes, 
thus initiating sporadic cases of the fever, 
that it is highly improbable for a wide¬ 
spread eptdemtc of the disease ever to 
develop again in the United States. This 
assurance, however, should not, for a 
moment, cause any relaxing of our atti¬ 
tude of watchfulness regarding the re¬ 
entry of the fever into any locality in 
this country Physicians in southern 
areas, especially, should always keep 
familiar with the symptoms of the disease 
and be able to diagnose a sporadic case 
or, at least, to become sufSciently suspi¬ 
cious of the case to isolate it at once, 
thoroughly screened from any possible 
access by mosquitoes. The fact that the 
virus of the fever can be carried from a 
stricken individual only by a mosqmto 
still holds the problem within the limits 
of reasonable assurance of control. 





THE RURAL COMMUNITY AS A SCIENCE 
LABORATORY FOR CITY CHILDREN 

By Dr. N. ELDRED BINGHAM 


LINCOLN SCHOOL OF TEACHFR8 COLLEGE, 

Science plays an ever-iiicreasiiiy; role 
in shaping human lives. As man has 
learned to use power-driven machinery 
m producing food and other law mate¬ 
rials a larger and larger pioportion of 
the population has been fieed for other 
activities Mass production of standard¬ 
ized goods by power-operated machines 
coupled with the rapid evolution of trans- 
poi’tatiou have hastened migration to 
largo cities where individuals are more 
and more dependent upon others for the 
goods and services they receive Each 
new scientific discovery seemingly adds 
impetus toward specialization, standardi¬ 
zation and remoteness of consumer from 
the iiroduction of the goods he uses 

Urban students have little opportunity 
to participate in experiences familiar to 
most rural boys and girls. Of course, 
city children do have many unique oppor¬ 
tunities for the study of science in mu¬ 
seums, in zoos and in botanical gardens 
They also have closer contact than rural 
children with large-scale construction 
work, manufacturing establishments and 
advanced means of transportation 

Rural children, howe\cr, can leain 
much science through participation m 
such farm activities as caring for the 
farm water supply, furnisliing heat for 
the house, maintaining sanitation, con¬ 
trolling insect pests, draming and culti¬ 
vating the soil, growing, harvesting and 
storing crops, feedmg and caring for ani¬ 
mals, constructing and repairing farm 
buildings, using simple tools, operating 
farm machinery and the curing of meats 
for the family Needless to say, these 
experiences must be pointed up for most 
children 


COLUMBIA UNrVERSiTY, NEW YORK CITY 

Both public and private schools are 
endeavoring to furnish concrete vital ex- 
l>erienecs like those mentioned above 
Some have a farm school, some a school 
farm, some a school forest, some a school 
camp, and others plan short week-end 
trips to the country This paper de- 
sciibes the science aspects of the rural 
study trips conducted by the Lincoln 
School of Teachers College for its ninth 
grade during the past two years The 
second year the Alfred P Sloan Founda¬ 
tion financed these trips The social 
science aspects of one of these rural trips 
and other school trips are reported in two 
lecent articles ^ “ 

Early during the 1936 school year 
ninth grade pupils and teachers felt the 
need of first-hand experiences in vivify¬ 
ing the theme of their integrated course, 
** Living in a Machine Age A plan was 
presented to the parents They agreed 
to finance a week's study in a farming 
region m western Massachusetts, so both 
pupils and teachers of the ninth grade 
moved to and lived for a week in the 
homes of local families in a rural Massa¬ 
chusetts town Upon arrival at their 
destination some discussion around the 
fireside was essential to familiarize the 
boys and girls with kerosene lamps €uid 
lanterns and the hazards that accompany 
their use, with sources of drinking water 
and with the location of wash-rooms and 
toilet facilities. They needed to plan for 
their share in the prepaiation of the fol¬ 
lowing day's meals, their responsibility in 

1 Ahee Stewart, Teachers College Becord, 39 
494-506, March, 1938. 

zElmina Luckc, Progressive Education^ 36 
617-628, December, 1938 
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UNLOADING FUEL SLABS 


caring for their own beds, and their co¬ 
operative effort in keeping the bedrooms, 
wash-rooms and toilets m a sanitary con¬ 
dition. Because the farms were located 
near state forests and because the nearest 
neighbors were about a half mile distant, 
pupils were cautioned against getting 
lost. 

In this environment opportunity was 
provided for all the pupils and teachers 
to participate in varied activities common 
to rural youth. These city students also 
took short trips to study the natural en¬ 
vironment and local industries The 
problem of soil conservation and flood 
control was dealt with in a visit to a local 
reservoir and to a lumber mill operating 
in a nearby woods The problems related 
to general and specialized farming were 
met in trips to neighboring farms The 
problem of the relation of industry to its 
natural environment was seen in a visit 
to a granite quarry and to a paper mill 
The problem of the maintenance of health 
was faced in a visit to the country doctor 
and to the County Health Center. 

In the country heat doesn't just come 
in steam radiators Firesf^^ust be stoked. 
This requires fuel, and limited supplies 
on hand must be replenished So a local 


truck and the farm cai and trailer were 
used in hauling slabs 

Barbara summed up the experience this 
way • 

Wo btimpod up a double rut to a clearing 
whore the wood strewn around m piles and 
started a double lineup Some cooperation! I 
personally didn’t do much woik but I can’t Ba> 
tliG same for evoryono else They all worked 
away for an hour or so passing planks along to 
me and the truck When we quit the truck was 
piled and then w^e got on top Coming home 
was a mechanical elephant riclo and we were 
hours late for dinner Maybe w^ork is only 
F X D but it certainly is exhausting 

This experience lasted long enough for 
boys and girls to learn to work together, 
to use the laws of inertia effectively, and 
to work in rhythm They got the thrill 
of achievement m learning to use their 
bodies efiBciently and ni cooperating with 
others doing a like task The fact that 
tliey hauled eleven cords of wood during 
the day testifies to their intelligent par¬ 
ticipation and appreciation of the way a 
job can be done cooperatively on a fann 

Since all could not share in hauling 
slabs at one time, a second group went to 
visit the nearest farm, a self-sufficient 
venture of two bachelors, and a third 
group collected apples for cider making 
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At discussion tune the group that had 
visited the farm shared their discoveries 
They talked of butchering and curing 
meats, of making bread, butter, cheese, 
jellies, sauerkraut, of keeping vegetables 
over the winter and of preserving eatables 
m summer m a cellar refrigerator 
Taxes, home-made clothes, renting the 
right to pick berries, selling milk and 
feeding huntere in the winter time—all 
these items and many others opened up 
new vistas of economics for our urban 
boys and girls 

The group that had gathered apples 
made cider from them Experience in 
studying and operating the hand mill 
enabled them to see how a train of gears 
was used to gain speed for the fly wheel, 
how the inertia of the flywheel kept the 
mill going evenly and how the applica¬ 
tion of a small force at the end of a long 
lever to the worm gear of the press ex¬ 
erted a tremendous force on the apple 
pulp 


Muggy said this with regard to the 
Cider making 

At first we made only one gallon per bushol. 
Then wo were told to use a burlap bag (m the 
press, which wo did), and got almost two gallons 
por bushel The cider was maiveloiis We made 
eight gallons and drank some of it at the barn 
dance the next night 

The second step in the preparation of 
the fuel was tlie eutting into short lengths 
with a buzz saw Power was secured 
from a farm truck by replacing one rear 
wheel with a belt pulley The pupils 
helped set up the machinery, handled 
slabs, and piled the cut pieces m the wood 
shed 

The following evening’s discussion cen¬ 
tered around the use of inertia in work 
Examples given were the throwing of 
wood from one to another, the momentum 
of the fly wheel on the cider mill, and 
the use of inertia in lifting wood from 
the slab pile. One girl mentioned the 
gain in momentum when cycling down 
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NAILING BATTKNR ON THE GARAGE 


hill aud the iieeessitv of usniy: the engine 
as a brake when going down grade with 
a heavy load 

The use of the tiansniission gears when 
hauling heavy loads up hill was discMissed 
Some one raised the question of why both 
rear wheels of the ear did not tuiii when 
buzzing wood This focused attention on 
the ear diffeiential Fortunately, there 
was an old one in the barn which some 
of the group decided to take apart 
Shortness ol time pie\ented their com¬ 
pleting this project while on the trip 
Later in the classroom they demonstrated 
the differential so w’ell that the entire 
class achieved a good understanding of 
its operation 

There weie queries of why the belt was 
twisted between the pulleys, how hard 
the Ford engine "was wofking when the 
saw was attached to it, and why the belt 
came off when a large slab was sawed 
rapidly Discussion ensued on how to 


set up the buzz saw and how to use the 
first-class lever in lining up the car wheel 
and the saw wheel Conclasions were 
drawn that rhythm m work is really an 
application of inertia, and that farm life 
offers many possibilities for groups to 
work together in a rather unique way. 

Some conception of the varied types of 
activities involving scientific principles, 
as well as an appraisal of the learning 
taking place, can be gatheied from the 
following comments taken from pupil 
notebooks 

Paula 

At Hoather Hill Eaini thcie were a number of 
things going on and 1 decided to do some car¬ 
pentering on a floor upstairs in the barn This 
was gland fun and gave me a feeling of satis 
f.action when I nailed a board do\Mi successfully 
or sawed a board straight It was hard work, 
but made me uork up an appetite for the good 
supper Ave had 

Ralph 

In the afternoon I did a little painting on the 
garage Then it started to rain so I gave that 
up I then went m the barn and helped two 
others put up the second story in the bam. We 
worked on that most of the afternoon and finally 
finished Finishing made me feel pretty good 

Maressa 

Wo painted the garage after the batons were 
on We wiecked the chicken coop and handled 
w'ood for the saw In other words we really 
worked 

Ken 

In wiecking the chicken coop I used a lever 
with which I was able to pry out nails, lift the 
whole roof, and move the roof off the walls . . 

A good example of the variation of the moment 
of force was that I was able to remove spikes 
with m} wrecking bar which could not bo re¬ 
moved with a short handled hammer Later in 
the morning when I switched to sawing, I saw 
that the truck had been jacked up by means of 
another fiist class lever 

Howard 

As Mr C . didn^t feel very well wo did 
some of his work Wo actually enjoyed hauling 
water, feeding a pig and getting and piling 
wood, after which we settled down to our notes 
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The gi’oup also had experience in the 
provision and preservation of food for the 
winter They observed the butchering 
of a pig, made sausage, prepared ham and 
bacon, rendered lard, and made soap 
Pupil notebooks again tell the storj" 

Ruth. 

Boibng Water was poured into a huge \^ooden 
tub In this the pig was placed by means of a 
pulley Then lye \^aH jioured com]ilotclv over it 
Again the pig was dipped in boiling water and 
taken out to be scraped peifeetl} clean The 
pig was then hung v<‘i tieally and slit neatly down 
the middle The hvei was inspected b> a govern 
mont inspector and found to have an inflamma¬ 
tion, but we were told that the rest of tin* meat 
was still edible The pig w'as thoroly cleaned 
and left to hang stiffly in the barn In a day 
or so it was cut into the following pieces ham, 
fat back, loin, bacon, spaieribs, punic shoulders, 
clear plate, Boston butt, fore shank, and jowl 

Henry 

I saw where thev got the poik chops and also 
whore they got the bacon I never knew they 
could get so much out of a pig 


Keiinotii 

Note how a tripod of thiee two by fours was 
made to hold up an end of the pole supporting 
the kettle In oidei to lift the pig easilj so that 
it could be put in the lye vvatc‘r, a block and 
tackle with a mcHhaiiicul advantage of four bad 
bt^n hung from the lufters In this way a force 
of 37 5 pounds could lift a 150 pound pig 

Short trips voie taken to neighboring 
farms Here pupils saw how farmers 
kept their animals warm and clean, and 
how the} fed eattle and eh a kens scuen- 
tifieally They noted the use of sawdust 
for insulation around houses, the stoiage 
of food in eellars, the eonviMiient arrange¬ 
ment of farm buildings, and the use of 
various mechauieal deMees sueh as wash¬ 
ing machines and cieam separatoi*s 

A visit was made to a modem Ayrshire 
dair} farm whieh produces and retails 
300 quarts of milk daily Seientifie farm¬ 
ing was studied here Pupils saw the 
eaterpillar traetor at work They ob¬ 
served the use ol bottling, eooling and 
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pasteurization equipment They gained 
some understanding of the adaptation of 
Ayrshire cattle to hill i egions, the use of 
hay and ensilage as roughage, the endless 
process of bookkeeping with a registered 
herd, the hazards of large-scale produc¬ 
tion and the meaning of the saying, ‘‘The 
value of the herd sire is half that of the 
herd 

With regard to the tnp to a loc*al 
granite quarrj one* pupil wrote 

There wore two points that Btood out as mont 
interesting They wore the veiy simple ma 
chinos used in all of the pioecssoH and the fact 
that you see the granite as it is in the earth and 
then all of the processt's right then and theie 
until it 18 shipped to be used as tombstones 

At a local woods lumber mill the pupils 
saw the whole process from felling and 
hauling trees to the sawing of rough 
lumber The ow^rier of the mill, an ex¬ 
perienced lumber man whose eyes still 
light np when he surveys an especially 


fine tree, enjoyed answering the many 
eager questions Calculations were made 
on one tree, determining the cost of fell¬ 
ing, hauling, sawing and trucking it to 
the highway There was time to see how 
eaeh part of the activity was carried on, 
how the logs were moved on to the car¬ 
nage, how the carnage was made to go 
forward and back, how the width of board 
was determined, bow sawdust was blown 
away, and how board-feet w^ere measured 
and tallied 

Much learning about the relation of 
trees to soil, flood control and future 
prospeiity was evidenced by pupils in 
their discussion of the trip 

Margaret comments 

As wo walked thru the woods we saw a groat 
change in the trees. On our side of the fence 
there was rich black soil filled with leaf mold 
Water was plentiful and the smell of decaying 
and damp loaves was strong Many varieties 
of mosses and beriies giew, such as gold thread, 
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star moss, travelling and shining club moss, stag 
moss, laurel, wintorberry, and wmtergroen On 
the other side of tho fence there wasn’t a tree 
over two inches in diameter The ground was not 
as fertile and the trees weio thin, anemic, and a 
scrubby third or fourth growth The comparison 
between the lumbered and the virgin (or rola 
tively so) forests, shows the vital importance of 
reforestation As an example the mill started 
in a nch hemlock gro\e Now they arc chopping 
down tiee after tree, young, old, fat, thin, tall 
or short as long as it makes lumber What will 
be left of the beautiful hc^mlock grove? Only a 
tragic procession of neatly cut stumps will re¬ 
main to mark the spot Years will roll by, the 
land, open to wind and water erosion, will be 
swept by floods and dioughts What will become 
of our green lulls? With the trees cut down the 
soil will be washed away and the towns drowned 
Ti(»es prevent floods and erosion by controlling 
tho i\ater and holding the soil together. The 
roots hold the soil and keep it from being washed 
away The leaxes fall and stimulate plant 
growth and protect the roots in winter 

That it IS impossible to distmjnii&h 
clearly between scientifu* values and 
s(M*ial science values when appraising 


these experiences is shown by two pupils 
in their attempt to express their reactions 
to rural study. 

Robert 

The week was an expencnco that 1 shall never 
forget It not only showed how rural life com¬ 
pares with urban life, but it also brought me 
very close to the pt*ople I wondered when I 
visited at various places whether tho native 
childien realized how mmh experience they were 
actually getting by living where they could do 
work The older jicople were willing to stay on 
farms and barely exist The younger people, 
however, were discontented with that type of 
life They wanted iiioio out of life and felt 
that the> could earn more money and buy more 
privileges and luxuries bv going to large cities 
or working in fuctoiies tliat were invading the 
loiinti VHide 

Eleanor made tins appraisal 

1 think I could write a book on everything 
that happened and everything 1 saw and learned 
during the week of studying rural life Inci¬ 
dents and things like—the stage that brought the 
milk, mail, and gioccnes, the wonderful apples 
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that you could eat all day, how we pumped water, 
heating water when you needed it, the building 
of the flroH in the moi ning in coutraet to turning 
on the radiator in a steam heated apaitment, 
bringing in wood and keeping the firefl going, 
using the lamps instead of electric lights, con¬ 
tacts with people in the community, the atones 
about buildings, farms, and towns, onr discus¬ 
sions, our evenings together, the bam dance— the 
perfect party evening—the varied aitivilios in¬ 
side and outside, making bread and nailing stats 
on the garage, the cider press and hou it ^\oikod, 
the mechanical advantage of 720 and the ])ies- 
sure of ten tons applied to srpice/e the apples, 
the animals wo saw with the comjdications of 
caring for them, oui surroundings, the beauty of 
the \alleys and the hills, what oiii houses and 
rooms were like, the little window by my bed 
whore every morning 1 could look out and see the 
dawning day, the eontiasting typos of people we 
met. Such iiiculonts as those and many otheis I 
think will remain with us for years to come We 
now have a realistic idea of rural life which 
could not be found any other w'ay We woiked 
and played together and got to know each othei 
and that’s what made the trip a success We 
really wore one largo family. 

The enthusiasm of all the pupils and 


their parents for these experiences indi¬ 
cated their worth Several pupil-initi- 
ated projects grew out of these rural 
studies One group of pupils secured, 
dismantled and later ran an automobile 
engine One group continued woi'k on 
the curing and canning of meats Some 
pupils investigated the work of hospital 
elinies and of settlements Some studied 
the soil and forest i*onservation work of 
the United States government Others 
constructed working models of water 
wheels and of a lumber mill The intel¬ 
ligent interests of the pupils attest the 
\allies they received from rural study 
The entire class work throughout the re¬ 
mainder of tlie yeai* was definitely moti¬ 
vated Pupils continually compared and 
contrasted their in-lhe-city expeiiences 
with those they had had in the country 
These urban boys and girls had gamed a 
bettei undei standing of how sioence func¬ 
tions m their dailv lives 
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Guatemala 

Guatemala is a laud of many 'wonders, 
steep ascents and descents, volcanoes 
and volcanic lakes, quaint and pictur¬ 
esque people and the remains of the oldest 
civilization on this continent Although 
Guatemala has a fringe of low-lying, 
tropical, coastal plain around the higher 
central plateau, the latter is the i*ool high 
Guatemala we think of Most Indian of 
all the Central American (*ountries, it has 
preserved the primitue, picturesque 
dress of centuries ago 

Guatemala has probably a greater net¬ 
work of highways in proportion to its size 
than any other Latin American country 
Although not generally paved, they are 
passable and make the Aarious paits of 
the country accessible to eacdi othei all 
seasons of the year The very economic 
life of the country is based on these high¬ 
ways for Guatemala is a coffee country 
Since it is too rugged for railways, high¬ 
ways are necessary for getting out the 
coffee Every adult male in the country 
must bear his burden of highway con¬ 
struction financially or bv physical labor 
to the equivalent of two w^eek^ 'svoik a 
year 

After crossing the Mexican frontier 
near Malacatan, the Pan Ameri(*an route 
climbs ill very steep ascents to the eight 
thousand foot elevation of San Marcos 
Neatly paved streets and orderly rows of 
adobe-w^alled and red tile-ioofed houses 
characterize such old Indian villages and 
towns Neatness and orderliness charac¬ 
terize Guatemala internallv and ex¬ 
ternally in contrast with her Latin 
American neighbors Up m this cool, 
elevated plateau it becomes uiK'omfort- 
ably chilly at night Even during the 
day in the shade at this altitude one 
feels quite chilly 


Along an> ot the highland roads, land 
IS cullnated on \ery steep inclines One 
w'onders how the patient cultivator of the 
soil maintains his foothold on land with 
such a precijntous slope Moisture is 
fuinished often bj the light precipitation 
from the clouds w^hich rest on these steep 
slopes Whei e eiiltn ated fields do not yet 
take the place of the dense, virgin forest 
we find in the latter strange and exotic 
plants Enormous ferns that seem to be¬ 
long more to the carboniferous period, 
wild orchids, gigantic Guanacaste and 
Oibci tr(»es, all glowing together in an 
impenetrable jungle, color the exotic 
scenery along the highland roads of 
Guatemala Such is the road with its 
very steep ascents and descents on the 
Quezaltenango, second largest city of 
the country 

One of the inteiesting side trips foi the 
tourist off the Pan Ameiican Iliglnvay 
route IS to (^hicicastenango, heart of the 
Quiche-Majan Indian country There 
aie many other inteiesting Indian cen¬ 
ters as Totonicapan, Momostenango, So- 
lola and other places IIowTxer, market 
day on Thursda\s at Chichicastenango 
is one of the largest and most picturesque 
Also, it IS here that the Indians perpetu¬ 
ate a (|uaint ancieiil iitual of buining of 
copal incense iii front of and m the 
(^hiistian churches The floors of the 
chinches at Chichicastenango are slip- 
)>ery wuth the wax of lighted candles 
pla<*ed on tlie floor leading from the en¬ 
trance to the altai Flower petals, pine 
needles and othei votne offerings are 
similarly placed, quaint leiiinants of a 
pagan culture of bygone days 

Perhaps as pictuiesque as anything is 
the religious procession occurring on al¬ 
most anj saint’s day when the image of a 
saint is carried through the streets on the 
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THB PAN AMERICAN HIGHWAY 

WINDS TORTCOCHLY UP INTO THE MISTY MOUNTAINS TO QUKZALTENANQO IN GUATEMALA NOTE 
GIGANTIC TRFE FERNS STANDING IN CULTIVATED FIELD AT THE LEFT, 


slioiilders of men or women to the aeeom- 
paniment of beating drums and shrill fifes 
with sky-rockets and bombs to accentuate 
the occasion Besides a most interesting 
Indian life, the tremendous ascents and 
descents to highway altitudes above ten 
thousand feet, the tov^ering volcanic 
cones, the stiange and exotic vegetation 
and the beautiful emerald blue lakes sup¬ 
ply an infinite variety of scenery of un¬ 
surpassed beauty and awesome grandeur 
The highway crosses the country to the 
capital from Quczaltenango by several 
routes, one leading around the beautiful 
Lake Atitlan Nestled in the folds of the 
bold mountain slopes winch surround thij? 
famous lake are Indian villages named 
after tlie twelve apostles, some of tiWJin 
only accessible by boat from the lake 
The highway climbs and twists to the 
high altitudes surrounding the lake, 
glimpses of which become suddenly visi¬ 
ble through the cloiuls far below as the 
motor car swings dizzily around the 
points leading up to the plateau above 
The bleak high altitudes at some points 
on the road to the (*apital become uncom¬ 
fortably cold At length a glorious sight 
18 glimpsed through the pass by which the 
highway descends to a great valley of 


warmer climate and greener appearance 
The sun is reflected on the distant white 
buildings of a gem set in verdant green 
setting A welcome sight is this most 
modern capital city of a country that is 
essentially primitive in culture All 
these countries have their contrasts, but 
Guatemala probably excels in contrasts, 
with its most primitive of indigenes and 
most modern of capitals The moder¬ 
nity of its capital IS due to the fact that 
earthquakes have played such a part m 
shifting Guatemala capitals to new sites 
Many of the present city’s buildings date 
from the earthquake of 1918 The site 
of the old colonial capital destroyed by 
earthquake in 177fi, now called Antiqua, 
IS vvoith a visit Here are seen excel¬ 
lently preserved rums of the massive 
structures when tlie (*apital city was one 
of the cultural centers of the new world 
To-day Guatemala City is clean, peace¬ 
ful, quiet and modern, m fact, modernis¬ 
tic in parts The shops, for the most part, 
would grace anv American city Fine 
movie houses show late-ruii American 
and other photoplays There is not the 
same hustle and bustle of streams of 
traffic here as m other Central American 
metropoli of the same size 
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El Salvador 

Salvador is the smallest and the most 
densely populated (three times the popu¬ 
lation density of the United States) 
country of Central America. It has the 
distinction of being the only republic 
north of Panama which does not touch 
two oceans, for it lies entirely on the 
Pacific side It is served by the most 
and the best roads of all Central Ameri¬ 
can countries, being traversed nearly the 
entire length by a modern paved lugh- 
way 

With the exception of Guatemala, Sal- 
A ador is the only other Central American 
country that has transportation across its 
frontier into another country, and that 
country is Guatemala Prom the latter 
country, Salvador (*an be entered by high¬ 
way or railway, although this has only 
been possible in the past several years 
The railway from Salvador across the 
Guatemalan border was built more to 
reH(*h the Guatemalan point of Barrios 
on the Atlantic side, rather than for 


transportation into Guatemala As a 
matter of fact, the Central American 
countries have little commercial inter¬ 
course with one other Their foreign 
trade is with other and remote countries, 
primarily because their exports are 
similar. 

The two hundred miles across the coun¬ 
try of Salvador are an interesting stretch 
of the Pan American Highway The first 
large pla(*e in Salvador out of Guatemala 
IS Santa Ana, of about 80,000 popula¬ 
tion, a center for the cultivation of high- 
grade coffee It IS only 48 miles from 
the capital, San Salvador, reached by 
paved road which is part of the interna- 
t lonal route Roads and rai 1 way lead out 
from Santa Ana to various points of in¬ 
terest, including several of the lakes 
which make Salvador's scenery so inter¬ 
esting Only a few hours south by high¬ 
way near Sonsonate is the famous Mount 
Ixalco, which is (*onstantly active It is 
referred to as the ‘^Beacon of the 
Pacific,because its red glow is visible 
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at ni^ht far out on the Paeifio The 
hip:hway from Santa Ana to the capital 
passes throujrh Santa Tecla, ^^here one 
can visit the huge crater within a crater 

San Sahador is the capital city of 
about 100,000 population Its elevation 
ot 2,000 feet gives it a seim-tropical 
climate, w’arni, but not unpleasant It is 
a modern citv wuth a st^le of architecture 
tliat would suffer least damage from 
earthquakes It has beautiful parks with 
luxuriant tropical plants and blooms 
Considerable English is spoken m the 
(*apital and Americans are most warml\ 
re( eived The democratu* nature of the 
])eople makes them seem to have much iii 
common with Americans 

The highway from the capital south¬ 
east to the border of Honduras isi about 
completed as tar as San Miguel, which is 
onlv 25 miles from the border The coun¬ 
try IS rolling from tlie capital southward, 
wuth ascents and descents, although noth¬ 
ing like the ascent to the high central 
plateaus of Mexico, Guateinala and Costa 
Rica The road passes through a coffee 
countiy noted foi its beautiful sceneiy 
There are ri\ers, lakes and tropical land¬ 
scapes offering (snistant varietv to the 
sceiiei^ enroute The large Leinpa 
River, at present, is crossed by ferry 
Along the coast aie found the only ex¬ 
tensive forests of Peruvian balsam in the 
vvoild Near San Miguel to the south, 
the highway passes through some exten¬ 
sive fields of henquen, oi sisal fibei 

The Pan American Highway leaves 
San Miguel somewhat to the nortlieast- 
vvard, and crosses the Guascoran River, 
which IS the frontier between Salvador 
and Honduras, near Santa Rosa This 
stretch of the international route is as 
} et not much more than a dirt trail, pass¬ 
able onlv in the dry season 

Honduras 

Less than 100 miles of the Pan Ameri¬ 
can Highw^ay passes through Honduras 
It IS the only country through whose 
capital the international route does not 
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pass, because to do so would reiiuire a 
consideiable detour There is, however, a 
blanch that leads fiorn San Lorenzo up to 
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the capital, Tejyiicif^alpa The route of 
the Pan American Hig:hway crosses the 
Guascoran River near El Aceitiino and 
from thence continues to San Lorenzo 
and to Choluteeo At the latter place, a 
very fine bridprc contributed by the 
United States crosses the river Only 
earth-roads exist to these places, possibly 
passable with great difficulty by motor m 
the dry season From Choluteca, which 
is not very far from the Nicaraguan 
border, the route crosses a slightlv de¬ 
veloped region into the region of Esteli 
of Nicaragua, which is just as slightly 
developed 

Honduras is the third largest of the 
Central American republics with about a 
million population, very slightly con¬ 
nected by any means of transportation 
The country is mountainous, abounding 
in minerals and richly timbered but very 
little developed Relatively speaking, 
Honduras depends more upon air trans¬ 
portation than any other Central coun¬ 
try. Tegucigalpa has the best aviation 
field in Central America, well served by 


two large air lines, Pan American Grace 
and Taca 

A good deal of Honduras is unex- 
ploited and even unexplored Probabl> 
no Central American country could profit 
more from the coming of a modern high¬ 
way At present it is easiei to go around 
the short stretch of highway through 
Honduras by means of a motor laun(*h 
across the Gulf of Fonseca into Nica¬ 
ragua From the port of Moragan it is 
but a short distance by rail or horseback 
to Chinaiidega, which is the first large 
place on the old route of the Pan Ameri¬ 
can Highway in Nicaragua The train 
parallels the route up to the capital, Man¬ 
agua Because of this fact the interna¬ 
tional route has been changed at the re- 
(piest of the Nicaraguan government to 
approach the capital from the east of 
Lake Managua 

Nicaragua 

The Pan American Highway has been 
re-routed through northern Nicaragua 
Formerly it passed west and south of 
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Lake Managua, but now passes between 
Lake Nicaragua and Lake Managua, to 
the east of the latter. This takes the in¬ 
ternational route through a large unde¬ 
veloped region in Nicaragua centering 
around Matagalpa. The original route 
skirted the Gulf of Fonseca and paral¬ 
leled the railway from Chinandega to the 
capital, Managua Since this region was 
already served by this railroad, it was 
thought by the Government of Nicaragua 
that the projected highway would do bet¬ 
ter to serve the rich but little developed 
region further inland. 

From Managua the highway reaches 
the old colonial city of Granada, on Lake 
Nicaragua, follows more or less the west¬ 
ern edge of the lake over fairly level 
country to Rivas, approaching the border 
of Costa Rica As the latter border is 
neared, the country becomes rougher and 
more rugged, as is typical of Costa Rican 
topography 

Very little of this route through Nica¬ 
ragua described above is finished high¬ 
way Ijeading out of the capital, im¬ 


proved road is being pushed into 
surrounding country This is the general 
story of highway development in all 
these countries Generally speaking, the 
capital IS the economic, as well as the 
political, capital Hence, highway de¬ 
velopment 111 most of these countries 
develops first as a series of roads lead¬ 
ing from the capital to centers which 
seiwe and are served by the capital. At 
present the highway in Nicaragua is 
being most actively pushed northward 
between the lakes tow’^ard the border of 
Honduras into the Matagalpa section 
Its furthest extent at present is about 
40 miles up to the Maderas bridge, which 
is a gift of the United States to this 
country A very rough all-weather road 
reaches as far as Esteli toward the Hon- 
durean border 

Nicaragua is the largest Central Amer¬ 
ican country and the most sparsely 
populated at the same time Crossed by 
two heavy mountain ranges the country 
IS considerably broken up in topography 
with also resultant climatic differences 
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Very large sections are absolutely unde- assistance With regard to highway de¬ 
veloped and even little known Like all velopment, especially along the interna- 
Central American countries, the large tional route, Costa Rica repeats the same 
population centers are on the Pacific side, story as do the other countries, that is, a 
much of the area of which is occupied system of highways reaching out from 
by the large lakes Managua and Nica- the capital Only about 50 miles of 
ragua. The latter comprises part of the Costa Rica’s 356 miles of the Pan Ameri- 
route of the proposed Nicaraguan canal, can Highway are at present paved The 
the rights of which are owned by the 163 miles from the Nicaraguan border to 
United States through a treaty of 1916 Naranjo is but dirt trail, passable in 
Wonderfully fertile regions, both valley some places in the drv season by motor, 
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and plateau, would be thrown open for 
use if Nicaragua could develop any sys¬ 
tem of transportation 

Costa Rica 

At present, the Pan American High¬ 
way route IS most impassable in Costa 
Rica because of the extreme ruggedness 
of the terrain and the sparse population 
In addition to the broken topography 
with very high altitudes, the interna¬ 
tional route crosses sixty streams that 
will have to be bridged It is very un¬ 
likely that the Costa Ricans will be able 
to complete their stretch of the highway 
in the near future without some outside 


but it IS not real highway A slightly 
less amount remains to be completed 
from the town of Cartago to the Panama 
line The 145 miles of this section will 
probably be the most difficult stretch in 
the whole Pan American route, for the 
road must either ascend to an altitude of 
over 10,000 feet or else bridge innumer¬ 
able sticams flowing down between the 
mountain folds 

The ruggedness of Costa Rica is an as¬ 
set, as well as a liability, ior probably no 
other Central American country, except 
Guatemala, offers tourists such a variety 
of scenic attractions Two active vol¬ 
canic craters are accessible not far from 
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the capital, San Jose The government 
is completing a concrete highway up to 
one crater, Irazu In addition to un¬ 
usual scenery, Costa Rica offers its 
capital, San Jose, as one of the most 
delightful stopping places along the in¬ 
ternational route in Central America 
Besides its ideal climate at slightly less 
than 4,000 feet elevation, San Jose pre¬ 
serves its early colonial tradition of being 
the cultural center of Central America 
As Guatemala is the most Indian of the 
republics, so Costa Rica has the purest 


to Panama City From the latter capi¬ 
tal city modern road building machinery 
18 laying concrete northward. Many old 
one-way bridges along the route are 
being replaced by modern two-way struc¬ 
tures The modern suspension bridge 
across the Chiriqui, below David, is a 
gift of the United States to this country" 
Panama has less severe grades along its 
route of the Pan American system than 
any other country along the way Like 
in all the other countries the highway 
keeps to the Pacific side, in places pass- 



TYPICAL LANDSCAPE ON A HIGH CENTRAL PLATEATT IN COSTA RICA 


Spanish blood of the Central American 
republics 

Panama 

The country of Panama has the longest 
section of the Pan American Highway 
route in Central America and also the 
longest completed section Of the 367 
miles of the international route that 
passes through this country, over 300 
miles are improved, over 200 miles being 
paved Less than the 50 miles near the 
Costa Rican line remains to be graded. 
The highway, of course, needs much im¬ 
provement to be made first class It be¬ 
comes increasingly better as we go south 


ing within sight ot the Pacific Ocean 
At the same time, it passes through most 
of the large centers of the country 
With the great number of employees 
and members of the Army and Navy and 
of the Canal Zone a little America has 
been made in the tropics All the re¬ 
sources of a higher standard of cultural 
and social living are available here, so 
that Panama is one of the most attractive 
places in the tropics for American tour¬ 
ists Many Americans, pensioned off 
from service in the Canal Zone, continue 
to live on estates developed by them¬ 
selves in the country As this continues, 
the country will become increasingly at- 
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MAKING ROPE FROM A CUBUYA FIBER IN COSTA RICA 

WITH A PRIMITIVE TOOI- THE LOOSE BOW MANIPULATED BY THK BOY IMPARTS TH» TWIfeTINO 

MOTION NECESSARY 



A HOSPITAL ON A HILL OVERLOOKING A PARK IN TEGUCIGALPA, HONDURAS 
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THE COFFEE TKEE IN COSTA KICA 

TlfF BX^ORBOMh AND TItR BEBRIE8 OF THE COFFEE TREE 


tractive as a Mect^a for tourists from Then, the great middle class American 
all countries It is very possible for tourist can experience foreign travel and 
Panama to become a great Riviera, at- comfortable adventure from his own car 
tractmg pleasure seekers from all over over the 3,305 miles from the American 
the world Surely it will become a great border to the Canal A constant stream 
Mecca for American tourists as soon as of human and freight traffic will, within 
the Pan American Highway is opened a few years, be passing overland through 
through Mexico and all Central America strange and interesting lands that con- 



DRYING COFFEE IN COSTA RICA 

AFTER COFFER IS PlCKFD IT MUST HAVF AN OUTER PULP AND INNER SKIN REMOVED THIS IS DONE 
BY MEANS OP A PULP MASHING MACHINE AND WASHING THE BERRIES IN MOVING WATER. THEN 
THE BERRIES ARE DRIFD IN THE SUN ON LARGE PLAT AREAS, GENERALLY OP CONCRETE, AND THIS 
BECOMES THF COFFI'F OF COMMER("K COSTA RICA PRODUCES SOME OF THE FINEST COFFEE 
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nect the two Americas; the dream of 
great statesmen of both Latin and Saxon 
America, Bolivar, Clay, Blaine and 
others, will then be accomplished. 

History op the Inter-American 
Highway Route 

At the Fifth International Conference 
of American States in April, 1923, at 
Santiago, Chile, delegates from nineteen 
American republics, with the United 
States, passed a resolution calling for a 
conference on highways to study mea¬ 
sures for a program of highways within 
and between the different American 
countries Under the leadership of the 
Pan American Union, a Latin American 
Highway Commission from all countries 
toured and inspected the highway sys¬ 
tems in many states of the United States 
in June, 1924 The First Pan American 
Congress of Highways was called for 
October 3-13, 1925, at Buenos Aires 
This was followed by other tours of Latin 
American journalists and business men 
over American highways, mainly under 
the auspices of organs of the Pan 
American Union 

At the Sixth International Conference 
of American States, at Habana, Cuba, m 
January and February of 1928, a resolu¬ 
tion was adopted calling on the Pan 
American Congress of Highways of Rio 
de Janeiro, in July, 1928, to consider 
and adopt agreements on the construc¬ 
tion of a road of longitudinal communi¬ 
cation across the continent Meanwhile, 
the Cole bill, March 26, 1930 (H J Res 
No 355, 70th Congress of the United 
States) was passed authorizing the ap¬ 
propriation of $50,000 to cooperate with 
the members of the Pan American Union 
in furthering the building of an Inter- 
American Highway. 

At the Second Pan American Con¬ 
gress of Highways at Rio de Janeiro, 
from August 16 to 31, 1929, several im¬ 
portant conclusions were reached to fa¬ 
cilitate the development of inter-Ameri¬ 


can highway systems Among these 
conclusions were* that each state should 
make a study of its own highway system 
plan and where it could connect up with 
adjoining states, that a continuous and 
uninterrupted program should be ad¬ 
hered to, that a uniform code of signs 
and directions be prepared for adoption 

The first In ter-American Congress of 
only states of Central and North America 
was held at Panama, from October 7 to 
12, 1929 This group planned an Inter- 
American Highway Commission to study 
a possible route and costs The United 
States Congress provided for the Ameri¬ 
can participation in this comnus.sion of 
authority in March and June, 1930, and 
the president of Panama called the whole 
Inter-American Commission to meet m 
Panama in March, 1931 Field recon¬ 
naissance had already started in Sep¬ 
tember, 1930, in Panama, and in October, 

1930, in Honduras under the United 
States Congressional appropriation act 
of March 26, 1930 March and April, 

1931, saw field reconnaissance* begin in 
Guatemala and Costa Rica, resiiectively, 
and in January and December, 1932, in 
El Salvador and Nicaragua, respectively 
Bv May, 1933, all engineers had com¬ 
pleted their field work The printed 
report, entitled ‘‘Proposed Inter-Ameri¬ 
can Highway,’^ was released in March, 
1934 

This Reconnaissance Survey of the 
Inter-American Highway^ (Senate Docu¬ 
ment No 224, as it is generally referred 
to) establishes a roughly surveyed line 
of a highway from the border of the 
United States to the Panama Canal with 
the cooperation and approval of the 
countries through w^hich it passes Since 
Mexico has for some time planned, and 
IS putting into execution, her length of 
this proposed Inter-Amci ican Highway, 
it IS not necessary for the report to give 
much attention to aiding that country. 

1 The Inter American is that part of the Pan 
American route down to Panama. 
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OX-CARTS IN COSTA RICA 

ARE A VERY IMPORTANT MEANS OP TRANSPORTATION ON TUB DIRT ROADS IN THE COUNTRY 


In the other countries, that is, Guate¬ 
mala, El Salvador, Honduras, Nica¬ 
ragua, Costa Rica and Panama, it does 
establish a surveyed route This might 
be shifted somewhat from time to time 
as the several countries consider other 
factors more seriously and as the pres¬ 


ent construction actually takes shape 
Yet, in a general way, it does offer the 
most reasonable and satisfactory route 
for an Inter-American Highway route 
to all concerned. 

Note Ail photographs >\ere taken by the 
author 



WRINKLES OF ASIA 

A STUDY OF MOUNTAIN RANGES 


By BAILEY WILLIS 

EMERITUS PROFESSOR OF GEOLOGY, STANFORD UNIVERSITY 

Are tlie wrinkles on our face there be- neither flat nor level Some areas lie low, 
cause the muscles have pushed or because close to sea level, as do the plains of 
the flesh has shrunk or the skin has ex- eastern Chma and of Siberia, including 
pandedf There is nothing personal in Russia Others stand high: the plateaus 
the question, I assure you I am merely of Tibet, Mongolia, and Peninsular India 
apph> ing the scientific method of mul- The pattern of mountain ranges is raised 
tiple hypotheses to the problem of wrink- above the plateaus in a degree cornpara- 
ling, having in mind the wrinkles on the able with great mountains m Europe and 
face of Mother Earth and more particu- the Americas, 5,000 to 15,000 feet; but 
larly those on the continent of Asia where the plateaus themselves are high 
They are mountain ranges, you know, the ridges and peaks that stand upon 
and they may perhaps be explained by them are preeminent in altitude above 
either one of the three effects I have sea level, the highest mountains in the 
indicated, that is, because the continent world Who does not know Mt Everest, 
has been pusJied or the globe has shrunk the supreme peak, whose summit rising 
or some part of tlie outer crust has ex- to 29,002 feet has thus far defied the most 
panded Geologists familiar with cur- intrepid of mountaineers? 
rent theories of mountain building will When we look at a work of art, a fin- 
recognize the reference to the specula- ished bas-relief, we know that the surface 
tioiis regarding Continental Drift and was different before it was sculptured 
the pushing up of a frontal wave, so to So it is witli Asia The present landscape 
speak, the Andes of South America, for is a result of pi’olouged sculpture by heat 
example, and they will rceall the old and cold (w’hich disintegi’ate rocks), and 
Theory of Contraction of the crust of a by wind and water (which scour off and 
cooling globe, but they may not have run wash away detritus) The effect of these 
across the idea of elongation of crystals ceaseless activities in the long, long run 
and consequent expansion of consider- is to wear down any height of land to 
able areas, as suggested by the hypothesis a graded plain, sloping gently to the sea, 
of Metamorphie Orogeny or mountain but before that ultimate result is accom- 
genesis by metamorphisin It seems to pi ished the scene passes through a pro- 
me worthy of consideration, and since it longed stage during which valleys widen 
is not so well known, I propose to pre- and heights of harder rock survive as 
sent it by testing its ability to account residual ridges and knobs That is the 
for the wrinkles of Asia condition of the plateaus of Asia, m gen- 

The surface of Asia may be compared eral. It is doubtful if the continent has 
to a bas-relief. The background is the ever stood at a constant level long enough 
vast expanse of plains and plateaus to have become completely graded Cer- 
The raised pattern is a design of raoun- tamly it is not now so steady The 
tain ranges The background itself is plateaus whose wide expanses were 
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graded when they sloped gently to the 
sea have recently been elevated high 
above that position and consequently are 
being deeply carved by the sawing rivers. 
Nowhere are there younger, more ter¬ 
rifically abyssal canyons than in Asia 
Their precipitous walls, in places ten 
thousand feet high, demonstrate the re¬ 
cency of the lifting action, which in spite 
of gravity has raised the plateaus to great 
altitudes What is the force that is 
stronger than gravity? 

Thus the backgi’ound of the bas-relief 
of Asia puts a question But what of the 
pattern of mountain ranges? They too 
have been elevated, and not simply 
pushed up but also pushed iogeiher 
Each range is a zone of squeezed rock 
that has been compressed horizontally 
Let us consider the mechanical eifect for 
a moment 

The rocks, though some are massive 
like granite, are in large part bedded, 
they consist of strata, which were laid 
down in flat layers and accumulated to 
form piles of strata many thousands of 
feet thick Much of the sand and mud 
was thus deposited beneath the sea, as is 
shown by the marine fossils they contain 
Now a pile of layers, even of rock layers, 
can be bent, if sufficient pressure be ap¬ 
plied, and beds of sandstone, mudstone 
and limestone can be bent without crack¬ 
ing, provided they be so loaded that the 
squeeze holds the rock substance firmly 
together That idea, that a sufficient load 
can control fracture and prevent it, was 
first clearly stated by Albert Heim, the 
great Swiss geologist, who grasped it as 
he examined the arches of strata in the 
Jura and the Alps. But I think the 
canny Scot, Sir James Hall, must have 
realized it when, as long ago as 1797, he 
laid a heavy door on a thick table cloth 
and pushed the cloth into folds under the 
door m an effort to simulate the folds he 
had observed in strata on the coast He 
had the idea of folds all right, but per¬ 


haps he did not understand that the effect 
of the load is to hold the beds together on 
top of each arch so that they slide past 
each other on the legs of the structure 
as they accommodate themselves to the 
shortening and lengthening of the curves 
on the inside and outside, respectively 
Accommodation by sliding is an essential 
condition of bending without breaking 
Where it can not occur, as in massive 
rocks like granite, the body yields by 
shearing into more or less squarish blocks 
These details of structure are to be seen 
in all mountain ranges, and they demon¬ 
strate the action of a horizontal force of 
compression The mountains of Asia are 
no exception They have been intensely 
squeezed Wliat can be the origin of a 
pressure adequate to fold and shear 
through thousands of feet of rigid rock, 
shortening the zone by many miles and 
forcing mountains to stupendous heights? 
That is another question that is put by 
the wrinkles of Asia 

There are really three questions* (1) 
What IS the force that lifts plains to the 
altitudes of plateaus, against gravity; 
(2) What IS the force that acts in a hori¬ 
zontal direction in the earth’s skin and 
produci^ wrinkles which are mountain 
ranges, and (3) Wliat is the relation, if 
any, between the two processes? 

These are not new questions They 
have been posed repeatedly during the 
past century and a half and many able 
thinkers ha\e tried to answer them Yet 
there is to-day no general agreement re¬ 
garding a solution, and skepticism is a 
common attitude among the best in¬ 
formed I may, perhaps, state my own 
position, without offending It seems to 
me that the current theories regarding 
the causes of movements in the earth’s 
crust may be divided into two general 
classes, namely, those vhu'h are purely 
speculative and those which were framed 
with less knowledge of geology and 
physics than we now possess. I can not 
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accept a gossamer spiderweb of sugges¬ 
tions as the basis of a sound theory, no 
matter how plausibly the hypothesis may 
explain certain puzzling phenomena 
The Theory of Continental Drift is an 
example in point Nor can I think it 
reasonable to maintain a theory which is 
based upon concepts of the earth’s con¬ 
stitution and history that, though once 
generally accepted, are now known to 
have been mistaken. The Contraction 
Theory is tlie best known among those 
of that class 

In theorizing we can not do better, as 
it seems to me, than to follow the example 
of T C Chamberlin, who together with 
G. K Gilbert originated the method of 
multiple hypotheses He described three 
methods of mental procedure the method 
of the ruling hypothesis, the method of 
the working theory, and the method of 
multiple working hypotheses^ In dis¬ 
cussing their pla<*es in the history of 
scientific investigation he says in part 

The method of tho ruling theory occupied a 
chief plac(5 during the infancy of investigation 
It IS an expression of a more or loss infantile 
condition of mind I believe it is an accepted 
generalization tliat in the eailier stages of devel¬ 
opment tho feelings and impulses are relatively 
stronger than in later stages 

Regarding the second method, he says 

The method of tho woiking hypothesis differs 
from tho ruling theory m that it is used as a 
means of determining facts rather than as a 
proposition to bo established It has as its 
chief function tho suggestion and guiduueo of 
lines of inquiry, the inquiry being made, not 
for the sake of the hypothesis, but for the sake 
of the facts and their elucidation The hypothe¬ 
sis IS a mode rather than an end 

He then points out the danger that a 
workmg hypothesis eilfeily becomes the 
ruling hypothesis and suggests that the 
defense lies in making a determined 
effort 

to bring up into view every rational explana¬ 
tion of tho phenomenon in hand and to develop 

i'*The Method of Multiple Hypotheses," 
Jour, of Geol, Vol. V, 1897 


every tenable hypothesis relative to its nature, 
cause or origin, and to give to all of these as im¬ 
partially as possible a working form and a due 
place m tho investigation. 

Chamberlin practiced the method of 
multiple hypotheses conscientiously 
throughout his prolonged researches in 
cosmogony. Toward the close of lus 
career, after thoroughly reviewing and 
revising the Planetesimal Theory, which 
m the latest form that he was able to 
reach is stated in ‘^Two Solar Families,” 
he said to me 

For twenty five years I have tested every 
hypothesis of tho genesis of tho earth of which 
1 could lc*arii or which I could conceive One 
and one only has withstood every critical test. 
Do you think 1 am perhaps justified in thinking 
it probably true I 

The method of multiple hypotheses has 
been for me a difficult, though salutary 
discipline It is difficult for me to fol¬ 
low more than one line of thought closely 
at any one time and m pursuing a se¬ 
lected hypothesis from inference to infer¬ 
ence I find myself off on that one track, 
out of touch with alternatives Yet one 
has to ehoose, and sometimes the choice 
leads definitely in one direction For ex¬ 
ample In studying any problem relating 
to movements of the earth’s crust it soon 
becomes necessary to consider the sub- 
terrane beneath it What is its condition, 
molten or solid ? What arc the pressures 
and temperatures at any depth and how 
do they vary in depth? How does the 
material react to them if they vary lo¬ 
cally?, etc 

In general it appears to be established 
that the outer crust or skin upon which 
we live and which is cold and rigid passes 
into hotter material below and at a depth 
of some thirty miles, more or less, reaches 
a temperature close to the melting point 
But it is not molten, as I understand the 
term, for it is elastic (since it transmits 
elastic, earthquake vibrations) On that 
evidence the material is elastic to a depth 
of about 1,800 miles and a shell of that 
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thickness, which is nearly lialf the radius 
of the globe, is distinguished from the 
central sphere or core, which is relatively 
inelastic If we call the eighteen hun¬ 
dred mile thick shell the mantle, as some 
do, we nia> say that the earth consists of 
the rigid crust, the elastic mantle and the 
inelastic core. 

Every one will agree that the crust is 
solid, because we observe that it has the 
qualities of rigidity, strength and elas- 
tieity whi(*h characterize that state But 
is the mantle solid? If we answer yes, 
as it seems we should, since elasticity of 
shape is a typical characteristic of solids, 
we have to qualify the definition by 
recognizing that a solid may be plastic 
and may move like a viscous fluid if it be 
so confined that it can not break apart 
Then, if pushed by a sufficient pressure, 
it will flow Lead is made to flow through 
an apertiue in making pipe and so is steel 
in pressing sheets of it into the shapes of 
automobile bodies Rocks of the mantle 
of the earth flow in a similar manner 
under like conditions of a load gi eater 
than they can bear without lateral sup¬ 
port and of a directed force that is ade¬ 
quate to move them Yet even as the 
lead and steel are solid, so the mantle 
may be regarded as solid, though plastic 

A plastic solid seems peculiar because 
we are not familiar with the condition of 
excessive confining pressure There is 
another characteristic of solids with 
which we are even less commonly ac¬ 
quainted, and that is fatigue We all 
know how it feels when a muscle gets 
tired, when its nervous energy is ex¬ 
hausted and it relaxes Something sim¬ 
ilar occurs in metals and other sub¬ 
stances. For instance, steel tapes, 500 
feet long, were once hung in the Wash¬ 
ington Monument and stretched by a 
slight weight If the weight was re¬ 
moved they shortened elastically to their 
original length; that is at first; but after 
some months they could not recover; the 


steel had become fatigued A more fa¬ 
miliar illustration of the same property 
may be noted when a stick of sealing 
wax IS held out horizontally while fixed at 
one end It will support its own weight 
rigidly for a time, but will eventually 
sag down The atomic forces which had 
held the steel or the wax to a rigid form 
eventually yield to the pemstent stress, 
slight though It be, and the solid suffers 
a strain from which it can no longer 
recover by elastic rebound 
Fatigue IS thus seen to be a question 
of time We may say that fatigue is a 
condition to which solids and liquids both 
are liable, but with this distinction m a 
perfect liquid fatigue is instantaneous, 
in a perfect solid it ensues only after the 
lapse of infinity You ask. Are there 
such substances? I think we may say 
yes There are many, well-known liquids 
that yield at once, and a granite which 
has maintained crystalline texture for 
two billion .veal’s might be cited as an 
example of the peifect solid Perfection, 
however, is rare and impermanent in the 
matiTial world, and many substances 
may be regarded as solid or liquid, ac¬ 
cording to the manner in which they re¬ 
sist for a shortei or longer time, under 
different kinds of stress 
Returning from this excursion mto 
geneialities to the question, Is the mantle 
solid?, we might compare the rocks of 
which it consists with granite and other 
assemblies of crystalline minerals and 
take the affirmative on the ground that 
its substance is elastic and does not show 
e\udence of fatigue after an indefinite 
lapse of time. It seems as though that 
position were sound Yet it is not the 
last word, for there are materials, such 
as glass, which are elastic and will yield 
to slight stresses in due course of time; 
they may, therefore, be classed as liquids 
To the extent that glassy rock may con¬ 
stitute a part or the whole of the mantle, 
it might be considered a kind of liquid 
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with regard to its resistance to persistent 
pressure, however slight, although it 
reacts like a solid, elastically to sharp 
shocks. 

It has been necessary to clear up this 
question of the solid or liquid state of 
the mantle, because no one knows surely 
how much of it may be crystalline or 
glassy and the uncertainty fixes the part¬ 
ing of the ways for two different hypothe¬ 
ses. The one postulates a predominately 
crystalline mantle, 1,800 miles thick, the 
other assumes the presence of a glassy 
shell of notable thickness in the crystal¬ 
line mantle. The former is obliged to 
consider the mantle very strong; the lat¬ 
ter can appeal to relatively slight forces 
to cause great movements in the course 
of geologic ages 

Pursuing the method of multiple hy¬ 
potheses we can not arbitrarily set either 
of these alternatives aside as negligible 
unless we can disprove it, no matter how 
incredulous we may be regarding its 
value Definite proof of strength or 
weakness in the mantle is not now pos¬ 
sible; therefore both hypotheses must 
remain on the list of possibilities. And 
yet it is not practicable to carry both 
of them simultaneously in mind through 
the maze of natural phenomena we must 
explore in seeking the solution of such 
a problem as that of mountain growth 
We stand at the forks of the path, and 
we must choose either the right hand or 
the left for immediate exploration; but 
we may not forget to return sooner or 
later to see where the other leads, unless 
others have adequately explored it 

We will for the present take the right- 
hand fork, which leai^ into the strong, 
crystalline mantle The alternative of a 
glassy shell is meantime being examined 
by Professor R. A Daly and his students 
of Harvard 

Tlie first question relates to energy 
If the mantle is solid we must show that 
great forces can be brought to bear to 


overcome the resistances. Gravity, to 
which geologists are accustomed to ap¬ 
peal for help, is quite incompetent It 
may work if adequately disturbed, but 
it can not start from a balanced condi¬ 
tion Heat is a powerful stimulant, but 
it also is balanced if it is symmetrically 
distributed. One of the common notions 
about the globe is that it is cold at the 
surface and very hot inside and grows 
hotter and hotter as the core is ap¬ 
proached The idea is that at any given 
depth we would encounter the same tem¬ 
perature, no matter from what point on 
the surface we started The same picture 
IS presented by the so-called shells of 
the globe Geologists discuss an outer 
granite shell, beneath which there may 
occur in succession a basalt shell, a 
pendotite shell and possibly others of 
still denser, heavier rock Various phys¬ 
ical characters, sucli as density, elasticity, 
etc., are thought to be arranged in defi¬ 
nite shells, giving the globe a stratified 
structure The idea springs from the as¬ 
sumption of a once completely molten 
globe, in which the materials were sorted 
by gravity, so that the heavier substances 
sank toward the bottom, while lighter 
ones rose to higher levels It implies 
that the stratification was not materially 
disturbed by any boiling of the huge mass 
and that there has been little or no 
change in the internal structure during 
subsequent geologic ages No one can say 
that it IS not a true picture, but there is 
an alternative The materials of the globe 
may be distributed more or less hetero¬ 
geneously, they may be hotter or cooler 
at the same depth along different radii, 
they may be solid in general and yet 
melted in places m the mantle, and the 
related physical charactenstics may be 
irregularly variable. Here then are again 
two paths to pursue, the homogeneous or 
the heterogeneous Since we can not off¬ 
hand prove either of them wrong we must 
retain both of them in mind, while we 
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FIG 2 CRYSTALLINE STRUCTURES, GRANULAR AND LAMINATED. 

THE GRANULAR TYPE P0RM8 WHEN THF KOTK CRYSTALLIZES FROM A MOLTEN CONDITION, UNDER 
HYDROSTATIC PRESSURES THE LAMINATED TYPE DEVELOPS WHEN THE GRANULAR ROCK RECRYSTAL- 
LIZFS WITHOUT HAVING BEFN REMELTFD, AS A SOLID, UNDER UNEQUAL PRESSURES IT IS THEN SAID 

TO BK METAMORPHOSED 
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FIG 3 THE POWER OF CBT8TAL8 IN PROCESS OF FORMATION 
Top THE WHITE MINERAL (OYPSUM) REQUIRED MORE ROOM THAN ITS PARENT (ANHYDRITE) AND 
TOOK IT BY FOLDING UP AND LIFTING THE LOAD Middle, THE TWO CRYSTALS OF GYPSUM DEVEL¬ 
OPED IN CONFINEMENT AND WERE FORCED TO BEND AS THFY GREW AGAINST AN IMMOVABLE BODY 
Bottom A STRAIGHT CRYSTAL OP GYPSUM, WHICH GREW FRPELY 

Effect of Increase in Volume in Solid Bock 

THE UPPER SPECIMEN ILLUSTRATED IN FIG 3 CONSISTS OP GYPSUM, THE HYDRATED CALCIUM 
SULPHATE, 0aSO4+2H3O it was ORIGINALLY THE MINERAL ANHYDRITE, CALCIUM SULPHATE, 
Ca804, WITHOUT WATER IN COMBINING WITH WATER EACH MOLECULE INCREASED IN SIZE IN 
APPROXIMATELY THF PROPORTION OF 3 TO 4 THE SWELLING CRYSTALS DEMANDED SPACE AND TOOK 
IT BY LIFTING THE LOAD. THE PROCESS APPFJiRS TO HAVE BEEN SOMEWHAT AS FOLLOWS 

ORIGINALLY THE ANHYDRITE WAS PRECIPITATED FROM SOLUTION IN A BODY OF WATER AND ACCU¬ 
MULATED AS SEDIMENT IN PLAT LAYERS ON THE BOTTOM THE PRECIPITATION WAS INTERRUPTED 
PROM TIME TO TIME AND LAMINAE OP DARK COLORED CLAY WERE DEPOSITED, SEPARATING THE WHITE 
LAYERS OF ANHYDRITE IN THF SUBSEQUENT CHANGES THE CLAY REMAINED PASSIVE, BUT AFFORDED 
GLIDING SURFACES FOR THE ANHYDRITE 

AS IT COMBINED WITH WAITCR FACH CRYSTAL OF ANHYDRITE CHANGED FROM SQUARISH TO FLAT 
ELONGATED FORMS OF OYPSUM AND FORCIBLY TOOK ADDITIONAL SPACE, PUSHING OTHER CRYSTALS 
AWAY IF, AS MAY BE ASSUMED, THE ACTION WAS MORE INTENSE OR BEGAN EARLIFR AROUND CER¬ 
TAIN FOCI, THE MUTUAL PRESSURES OP ADJACENT CRYSTALS WOULD ADD UP RADIALLY OUTWARD PROM 
ANY SUCH POINT OR LINE AND THE EXPANSION WOULD BE LIKE THAT OF A GROWING SPROUT WHEN 
THE SUM OF PRESSURES IN A LINE OF CRYSTALS INCREASED TILL IT COULD LIFT THE LOAD AN ARCH 
BEGAN TO FORM AND IT ROSE PROGRESSIVELY, THOUGH PROBABLY A NUMBFR WFRE GROWING NEARLY 
SIMULTANEOUSLY SINCE THE SWELLING WAS GENERAL THE LENGTH OF ANY FOLD (TWICE THE 
HEIGHT OF THE CLOSED ARCH) WAS DETERMINED BY THE STRENGTH OF THi LAYER AS AN ARCH IN 
RELATION TO THE LOAD AND AS MODIFIED BY FRICTION THE THICKER THE LAYFJl OR THE LESS THE 
LOAD, THE LARGER THE ARCH OR FOLD 

THE LAYER WHICH COULD NOT FOLD >ASTLY BECAUSE IT WAS TOO THICK, YIELDED BY SHEARING 
BEFORE IT COULD ARCH UP, AND THE FRACTURES ASSUMED VARIOUS ATTPriTDES ACI'ORDINO TO THE IN¬ 
TERNAL STRESSES BUT THEY INDICATE A PUSH FROM RIGHT TO LEFT AS DO THE OVERTHRUSTS IN 
THE LAYER BELOW 

THE FORCES THAT DID THIS WORK WFRE THE ATOMIC FORCES, WITH WHICH 2 MOLECULES OF 
WATER COMBINED WITH EACH MOLECULE OF THE SULPHATE THEY PRODUCED THE COMBINATION 
WITH INCREASE OF VOLUME IN SPITE OE THE CONFINEMENT IN THE SOLID ROCK AND AGAINST THE 
FORCE OF GRAVITY 
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follow one or the other to its logical eon* 
olnaions by testing it against some array 
of facts. In this case I propose to take 
the path of investigation that leads into 
the solid, heterogenems mantie. 

We start from the observation that 
the crust is very heterogeneous; it is 
made up of many kinds of rocks, which 
are very irregularly distributed. Fur¬ 
thermore, rocks of one and the same com¬ 
position and character are of very dif¬ 
ferent ages; there are granites that are 
one or even two billion years old and 
there are granites which a^e surprisingly 
young; the same is true of basalts and 
other lands of rock. There never has 
been a time when the crust was not 
heterogeneous or was not made up of 
older and younger erupted masses. 
What we now assume is that the mantle 
resembles the crust in the irregular dis¬ 
tribution of materials and temperatures, 
and always has done so. 

All right We now have under con¬ 
sideration a heterogeneous sphere, con¬ 
sisting of a very thick, solid mantle and 
thin outer crust, surrounding an ap¬ 
parently molten core. The whole is 
charged with energy in the forms of 
gravity and heat. Gravity is a perma¬ 
nent, conservative force. Heat is a stim¬ 
ulant to action, but it is used up in doing 
work and it also escapes mto space 
Since the earth is so very old and so 
much work has been done, all the heat 
energy from any original source such 
as a molten globe must long smee have 
been exhausted Yet the earth is ex¬ 
ceedingly active. How lias the heat en¬ 
ergy been kept up! 

It may be recalled that astronomers 
and physicists at one time set a rather 
narrow limit on the possible life of the 
sun because it w% radiating heat at a 
rate that could not be maintained for 
many million years, if it were due to 
the condensation of the sun’s mass by 
its own gravitative attraction alone. 


Madame Curie solved the riddle when 
she discovered that an atom of uranium 
could and did change to lead and gave 
off heat in so doing. Atomic transfor¬ 
mation is now recognized as the potent 
source of the heat of the sun and stars.* 
It also occurs in rocks of the crust of 
the earth in the so-called radioactive min¬ 
erals. The thought lies at hand that 
similar reactions, occurring within the 
mantle, would generate heat and so keep 
the earth aUve Investigations of this 
potent source have shown that it would 
long smee have caused the melting of the 
earth if the proportion of radioactive 
minerals were the same throughout the 
mass of the globe as it is m rocks at the 
surface. Since the earth is not melted 
some limitation becomes necessary, and it 
has been attempted by several geologists 
by assuming that the active minerals may 
occur only in some thin shell of the sup¬ 
posedly stratified mantle. That is one 
idea. Another is that the active min¬ 
erals may be irregularly distributed, as 
ores of gold are, for instance 

Let us suppose that anywhere in the 
mantle there is a body of rock which con¬ 
tains more radioactive minerals than the 
adjacent masses and that there are also 
other bodies that contam little or none. 
The radioactive minerals slowly change 
and m changmg give off heat, which be¬ 
ing buried in the globe can not escape 
by radiation or conduction It must ac¬ 
cumulate and melt the rock, the richer 
bodies melting first. Each one would 
then constitute a growing bubble of 
molten rock in the not yet melted sur¬ 
rounding rock. It IS true of such a 
bubble, as it is of a bubble of gas in a 
liquid, that it must rise toward the sur¬ 
face whenever it gets big enough; and 
it 18 also true that it must spread out 
as it rises from depths where the pres¬ 
sure IS greater into those where it is 1 ^. 

» Rumien, H. N,, Proc. Am, Phil. Soo,, Vol. 81, 
1930. 
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The geaeral form of the babble at higher 
levels will therefore be that of a flat¬ 
tened rounded disc. That is, so long as 
it is conflned in the solid, but plastic 
mantle; when it reaches the rigid outer 
crust, it will tend to spread even more 
widely underneath it and also to pene¬ 
trate any weaknesses, such as shearing 
planes, in its effort to rise still further. 
It then becomes an intrusive rock, form¬ 
ing narrow bodies, which may, however, 
be large enough to constitute such a 
mountain range as the Sierra Nevada in 
California. 

Continuing this thought, we may sup¬ 
pose that such a body rose and having 
spread out cooled in the upper part of 
the mantle or lower part of the crust. 
It is then a compact, solid mass and as 
such offers more resistance to the rise of 
any later melt, which may come up from 
its heated roots, than that which is pre¬ 
sented by the disturbed and altered rock 
around it. The later melt is therefore 
apt to appear as intrusive bodies or as 
volcanoes in the circumference of an 
older one. Such an arrangement is a 
common one, as we see in the arcs of vol¬ 
canoes in the Pacific, for example, and 
also m the distribution of mineral 
deposits. 

Have you clearly in mind the picture 
of the flattened bubble of molten rock or 
magma underneath the outer crust t The 
melt is surcharged with energy, it being 
hot and chemically active. The rock of 
the covering crust is crystalline, that is, 
it consists of crystalline minerals which 
are composed of molecules, in each of 
which the atomic forces are balanced 
But they attained that balanced condi¬ 
tion as the rock of the cover cooled from 
some previous heated state and now, be¬ 
ing reheated, they will be disturbed. The 
crystals will reform in response to the 
chemical excitement and the external 
pressures around them, or, as the phrase 
goes, the rock will be metamorphosed. 


(Fig. 2.) In the process of change 
the molecular forces of the original crys¬ 
tals wiU become unbalanced and will 
enter forcibly into the reorganization of 
the minerals, but they will be mfluenoed 
by any other stresses, such as surround¬ 
ing pressures, because they must obey 
the law that requires the work shall be 
done with the least expenditure of en¬ 
ergy, the law of least resistance. They 
will forcibly elongate m the direction 
toward the least opposing pressure, what¬ 
ever that direction may be. What will 
it be under the conditions in the upper 
part of the mantle above the contact of 
the magma and its covert 

At the depths at which the recrystalli¬ 
zation is supposed to occur the rock is 
under a weight greater than it can carry 
unless it be supported by adjacent masses. 
Equilibrium depends, therefore, upon the 
balance between the weight which is car¬ 
ried and the supporting resistances. The 
resistances are two, namely, the strength 
of the rook (whatever value it may have) 
and the horizontal pressures of adjoining 
masses The latter will be less than the 
weight, for the strength is something. 
(Weight minus strength equals horizontal 
pressures, hence horizontal pressures less 
than weight) If we now introduce the 
molecular forces of crystals in process of 
change we disturb the balance and the 
crystals in reforming must elongate in 
the direction of least resistance, that is, 
horizontally This is the reasoning which 
it at the foundation of the hypothesis to 
be discussed, the hypothesis of Metamor- 
phic Orogeny Orogeny or mountain- 
genesis is by that hypothesis attributed 
to the force of growing crystals, which 
have elongated in the lower portion of 
the cover of a bubble of magma and have 
caused the cover to expand in such a 
manner and with such force that the 
margins are pushed up as mountain 
ranges: flrst the hot babble, then the 



442 


THE SCIENTIFIC MONTHLY 


gradual development of expansive force 
m the cover till the crust yields 
That IS a stupendous job! Is it pos¬ 
sible that it can be done by hard, inert 
substances like crystals? That is just 
the point* they are hard and inert be¬ 
cause they are so firmly held in balance 
by very great forces When those are 
released they reconstitute the crystal 
with proportionately intense action It 
has been determined by experiment that 
in crystal growth and change the molec¬ 
ular forces come into play and cause the 
growing or recrystallizing structure to 
exert a force that is equal to the crush¬ 
ing strength of the crystal 

To illustrate crystalline change and the 
forces that may be exerted, even when the 
alteration occurs in cold rock, with no 
impulse except that of chemical attrac¬ 
tion, attention may be directed to the 
example shown in Fig 3 The white 
layers m that rock are gypsum, the 
common rock of which plaster of Pans 
IS made They were originally, when de¬ 
posited under water, a slightly different 
mineral, called anhydrite, which consoli¬ 
dated to rock On being brought in con¬ 
tact with molecules of moisture each 
molecule of anhydrite took on one and 
thereby increased in volume, every 3 
cubic inches became 4 cubic inches 
There had to be room and it was made 
by lifting the load, whatever it was But 
the lifting was accomplished by the lay¬ 
ers, which were originally flat They 
elongated horizontally, exciting molecu¬ 
lar force in so doing The individual 
crystals got behind each other and 
pushed the layer up into an arch, sliding 
it along on the interstratified layer of 
black clay beneath it As any one arch 
rose another began behind it and so a 
short section was folded up by the ex¬ 
pansion of a very long stretch that 
remained flat The force that was ex¬ 
erted was equal to the shearing strength 
of the rock, as is shown by the fact that 


the layer which was too thick to fold was 
sheared along the dark, fracture lines. 

The writer had a personal experience 
which IS to the point It occurred when 
the Hetch Hetchy tunnel was being 
driven through the Coast Range near 
San Francisco, California Several miles 
of it penetrated a very unpleasant black 
schist, made up of very thinly laminated 
mica The mica-scales were not more 
than a few molecules, a few hundred 
thousandths of an inch thick, and between 
each pair of them were invisible cleav¬ 
ages into which molecules of water were 
drawn from the moisture of the air in the 
tunnel The molecular attraction was 
not very strong in any individual entry, 
but the combined effect of millions was 
irresistible It crushed the strongest 
timbers and squeezed out solid blocks of 
sandstone, where they were imbedded in 
the mica rock I saw it done Having 
climbed to a platform at the face of the 
tunnel and finding a projecting rock, I 
struck it with my hammer It responded 
at once, moving menacingly toward me, 
like the front of an automobile about to 
run over me That rock was alive and 
seemed possessed of a malicious spirit 
These instances which have been cited 
to illustrate the force of crystals m 
growth or inetamorphism present only 
minor effects, such as are produced with¬ 
out stimulation by heat The reactions 
are far more intense when the molecules 
are strongly agitated, as at high tempera¬ 
tures Very pronounced changes are seen 
in metamorphic rocks, where great altera¬ 
tions have been brought about at tem¬ 
peratures that approached the melting 
point High pressures also increase the 
action, and this is especially the case 
when there is sliding of one mineral over 
another and the mass is sheared into thin 
plates The molecular forces are then 
intensified by the shearing stress and the 
temperature is raised by the friction 
Extreme elongations amounting to sev- 
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eral times the original dimension in a 
given direction may result as the rock 
becomes fissile or even fibrous 

Let us examine the process of change 
more closely Any response of the molec¬ 
ular forces to slowly rising temperature 
must itself be very gradual Any indi¬ 
vidual crystal should experience a slowly 
growing tendency to change its form 
When It eventually does so it obeys the 
law of its own being and adjusts any 
dimension according to the particular 
arrangement of atoms that best suits the 
environment along any given axis Any 
crystal changes without regard to its 
neighbors, in the beginning The effect 
within any area of a square foot or 
square mile is that of a mob But groups 
will by the law of chance develop mechan¬ 
ical resultants and so dominate contigu¬ 
ous individuals as to work them into the 
common trend In that trend the elon¬ 
gations of the individual crystals add up 
and the effect at the outer end of the line 
IS a push with their combined forces and 
a displacement equal to the sum of their 
elongations 

We may get some idea of the possible 
proportions of the change by considering 
the alteration of a granular igneous rock 
like granite or of a granular sedimentary 
rock like sandy mudstone to a laminated 
metamorphic rock with development of 
the common mineral, mica Measure¬ 
ments of mica crystals show that if the 
mineral substance originally had the form 
of a cube the length of the oblong, flat¬ 
tened mica crystal would be twice the 
side of the cube That is to say, the 
elongation in one direction would amount 
to 100 per cent, with corresponding thin¬ 
ning in other directions, provided there 
is no change of volume In those cases 
where the greenish, fibrous minerals grow 
the change of proportions is even more 
Indeed we might easily bo misled into 
describing the elongations as amounting 
to exaggerated proportions if we did not 


distinguish between the effect of recrys- 
tallization, which exerts a molecular 
stress, and the effect of plastic flow, which 
IS simply a squeezing out. But we do 
not need to assume extreme conditions. 
The horizontal dimensions of the larger 
molten bodies and the diameters of their 
covers aie many miles in extent 

Consider, for example, the plateaus of 
Asia, the nuclei of the continent. We 
have noted in a previous article® that 
they have repeatedly been intruded by 
molten granite, which has risen into and 
around the older eruptions in each suc¬ 
cessive activity The diameters of the 
areas thus intruded are many tens of 
miles, even two or three hundred. The 
proportionate expansion need not be 
great to produce an outward push and 
displacement amounting to miles m their 
margins 

We may not let such an estimate pass, 
however, without recalling the dictum of 
Professor Andrew C Lawson, of the Uni¬ 
versity of California, who has shown that 
in case of movement of one rockmass over 
another the dimensions of the moving 
mass are narrowly limited by the weak¬ 
ness of the rock* The friction sets a 
limit for the length of a slab which may 
be pushed over another without being 
sheared How can a layer tens of miles 
in radius be pushed away from a central 
area? Yet that seems to be the fact, 
since mountain zones are narrowed in 
that degree Could Professor Lawson be 
mistaken? In this case it would appear 
that he is not, for the conditions which 
he assumed would not exist At the con¬ 
tact of the cover with the underlying 
magma there is a transition layer in 
which plastic solids, molten liquids and 
hot gases are mingled and agitated by 
their mutual reactions Do you get the 

3'‘The Growth of' Asia,'* BciKNTiriO 
Monthly, June, 1939 

* * * Isostatie Compensation Considered as a 
Caufie of Thrusting," Bull Geol Boo. Amer ^ 
Vol 33, 1922. 
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picture? The slab or disc which consti¬ 
tutes the expanding cover rests upon this 
agitated fluid and gaseous contact zone. 
There is no friction, only a moderate 
resistance due to viscosity, and that is 
variable from place to place. Only when 
the margin of the magma is reached and 
the outward thrust begins to displace the 
solid framework would the friction of 
solid-on-solid come into play. Even then 
it would be lessened in any case where 
hot gases or melts followed intrusively 
along developing shears The outer slab 
that might be sheared off in this manner 
is such as we see as an overthrust sheet, 
and its dimensions are commonly of the 
same order of magnitude as those cal¬ 
culated by Professor Lawson, with 
lengths of fifteen to twenty miles 

Reviewing the substance of the preced¬ 
ing pages, it appears that the hypothesis 
of Metamorphic Orogeny is equipped 
with power, may work with a terrestrial 
mechanism, and would by known proc¬ 
esses of metamorphism achieve the up¬ 
thrust of mountain arcs It may be 
explained that it is the survivor of a 
number of hypotheses to account for the 
folding of zones of the crust, which have 
been submitted to the tests of advancing 
knowledge, so far as the writer was able, 
during the past fifty odd years The list 
comprises all that have come in to his 
research net, including some that are still 
current with one school or another But 
all the others have failed, in his estima¬ 
tion, because they were either impotent 
or inadequate or mechanically defective 
or based upon assumptions that were in 
course of time disproved It does not 
follow, even in the writer's thought, that 
Metamorphic Orogeny is sound, but it 
IS entitled to further consideration and 
may be tested against the facts presented 
by the development of various mountain 
chains, so far as they are known. It is 
my purpose to do that in a number of 
cases, but in order that the hypothesis 


may not lead me to believe that it is the 
ultimate answer (where we have so much 
to learn), I have laid down certain re¬ 
quirements which it or any competitor 
must satisfy to be admitted to examina¬ 
tion. The habit of examining students 
for graduation leads one to regard any 
such hypothesis as a candidate for the 
degree of W. H, Working Hypothesis, 
and I would guard that degree as an 
honorable distinction. 

Any hypothesis must be dynamically 
competent; that is, it must assume a 
source of energy, which will deliver 
power at the right time, in adequate 
amount, and in the right manner to do 
the work As a second requirement the 
h 3 q)othesis must operate according to 
mechanical principles, with rocks of the 
crust, on the scale of mountain building. 
Again, it must be capable of repeated 
action m the same region, after long 
intervals of inaction It must produce 
the peculiar pattern of curving mountain 
ranges, with abrupt terminations, and 
with nodes where two or more trends 
meet And the action must cooperate 
with or be related to other processes of 
terrestrial activity proceeding from a 
common cause in the same region, at the 
same time or in sequence 

Most of these requirements seem suffi¬ 
ciently obvious, though often disre¬ 
garded, but the concept of pattern may 
be more fully considered, because it is 
significant and the discussion may serve 
to point out certain misinterpretations. 

Eduard Suess, the great Austrian 
geologist who compiled the monumental 
work, *^The Face of the Globe," was the 
first to note and interpret the curved 
axes of mountain ranges His primary 
example was the Alps, which arch around 
the northern margin of the elongated 
basin of the Po. Suess took the arc to 
be an effect of bendmg and reasoned that 
the force which had caused it had acted 
to push the Alps northward. Generali^ 
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no. 4. STRUCTURE OF CENTRAL ASIA. DIAGRAMMA HC OLlLlNK AF'ILK LEUCUS, UhOLOOIB VON 
A8IEN, 1037 OLD LANDS (PRE CAMBRIAN) INDICATED BY DOTS MOUNTAIN TRENDS SHOWN BY 
HEAVY LINES. AREA PPP IS THAT WHICH IS CHARACTERIZED BY LATE PALEOZOIC FOLDING. AREA 
PM 18 THAT IN WHICH BOTH PALEOZOIC AND MESOj^OIC FOLDINGS ARE RECOGNIZED AREA TT 18 THE 
ZONE OF TERTIARY OVERTHRUSTS, PUSHING OUTWARDS OVER THE GANGES DEPRESSION THE ENTIRE 
REGION OF THE MAP 18 DOMINATED BY THE YOUNG MOUNTAIN RANGES THAT HAVE BEEN PUSHED UP 
DURING PLIOCENE AND PLEISTOCENE TIMES AND HAVE ALSO BEEN LIFTED BODILY WITH THE PLA¬ 
TEAUS F—FERGHANA NUCLEUS, R—RUSSIAN NUCLEUS 


ing on the concept, he applied it to all 
mountain chains and gave it definition 
by naming the front, the flanks, and rear, 
according to their relative positions, as 
of an advancing army 
The generalization has been fully jus¬ 
tified, and it may be amplified by point¬ 
ing out that the arcs of mountain chains 
tend to occur as the raised margins of 
basins Look at the great plain of Hun¬ 
gary lying within the Carpathian curve 
and separated from the Adriatic depres¬ 
sion by highlands of Bosnia and Dal¬ 
matia. Consider the Adriatic itself, 
bounded by the highlands on the north¬ 
east, the Alps on the north and the 
Apennines on the southwest With 
attention turned to the hollows or con¬ 
cavities of the earth's surface we may 
note the fact that Suess’s interpretation 


means that the mountain-building force 
has raised the rims by pushing outward, 
away from the interior. 

The ideal pattern would consist of 
round basins, but the effect is evidently 
not so regular Some depressions are 
oval, others are decidedly long. Where 
they are closely contiguous the common 
margin may run straight, as if mutual 
pressures had been opposed And where 
two or more meet at their ends there is 
a mountain knot 

Suess applied the interpretation of 
mountain arcs, considered as evidences 
of an outward push, to Asia and logically 
reasoned that the great sweep of the 
Himalayas with its (onvexity toward the 
south implied a southward movement of 
the whole continent or of that broad 
mass of the continent north of the arc. 
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The idea suggested a drifting movement 
of the whole, to which it may be objected 
that there is no known force to cause 
such a displacement and there is behind 
the continent, north of it, no such hollow 
as Its southward drift must have left 
The Siberian nucleus has not been dis¬ 
turbed during the several hundred mil¬ 
lion years which cover the time of the 
evident mountain-making episodes and 
seems to have been a fixed, possibly re¬ 
sistant mass. Reasoning thus, Willis in 
1907® argued that the arcs might have 
been raised by a push from the oceanic 
regions toward SiWia. He thought the 
source of pressure should be sought m 
the Pacific and Indian oceans He was, 
I now think, mfiuenced by his early ob¬ 
servations in the Appalachians, where 
the push was from the direction of the 
Atlantic. He thought that ocean basins 
were the dynamic areas, that the conti¬ 
nents were passive and that the latter 
had been squeezed, either by expansion 
of the former or by wedging It was not 
until many years later that he realized 
the incompetence of the crust to transmit 
mountain-building pressures to any con¬ 
siderable distance from their source and 
on that ground relegated the idea of 
exclusively oceanic expansion to the 
scrapheap The study of continental 
masses and their histones convinced him 
that they also had been areas of dynamic 
activity and that in that respect there is 
no characteristic distinction to be made 
between the crustal areas covered by the 
oceans and those which are lands He 
was thus led to consider the alternative 
hypothesis of expansion of smaller areas, 
which IS the basis of the present discas- 
sion. 

The wrinkles of Asia and the nuclei 
which they outline offer a number of 
opportunities for testing any hypothesis 
of local expansion, whatever be the sup- 

8'*Besearch in China,’* Vol. II, pages 118- 
126. 


posed cause There are the ancient con¬ 
tinental islands. the Angara nucleus, the 
Gobi desert area, Tibet, the Tarim pla¬ 
teau, the Peninsula of India and others 
which are less conspicuous Each of 
these nuclei had a long history of intru¬ 
sion and mountain growth before the 
mountain trends we can now recognize 
were developed That ancient record has 
not been deciphered Among the more 
recent activities the periods of granitic 
intrusion and orogeny which occurred at 
the close of the Paleozoic era and again 
during the later Mesozoic and Tertiary, 
respectively some 200,000,000 and 60,- 
000,000 years ago have left elements of 
the pattern which invite consideration. 
The earlier of these two may presumably 
be studied in the Gobi region and the 
mountain arcs which surround it on the 
south and southeast, the enormous mass 
of the Great Mongolian granite, which 
rose toward the surface in that area dur¬ 
ing some period of the Paleozoic being 
the exciting fact, but the case lacks defi¬ 
nition because the date of the intrusion 
IS not yet well established and its relation 
to any epoch of folding can not be deter¬ 
mined The Mesozoic record is more 
evidently related to the outstanding 
mountain ranges Even there, however, 
where we see the youngest visible granites 
at the surface, we have to remember that 
they are older than the youthful moun¬ 
tains and that any magma to which we 
may attribute metamorphisrn or other 
effect must be hidden beneath the crust, 
under the plateaus 

It happens that the most conspicuous 
of all mountain chains, the Himalayas, 
IS that of which we have more precise 
knowledge and which best lends itself to 
our purpose of testing Metamorphic 
Orogeny The arc sweeps majestically 
around the southern margin of the 
Tibetan nucleus It is marked by a cen¬ 
tral zone of granite of late Mesozoic and 
Tertiary age, part of the widely distrib- 



WRINKLES OF ASIA 


447 


uted intrusions of that time, which built 
up southeastern Asia as we now know it 
The mountain mass is intensely sheared 
and folded, squeezed into a relatively 
narrow belt The apparent movement 
has been away from Tibet and toward 
the Ganges depression, as is seen at the 
southern base of the range, where the 
foothills are thrust out upon the valley 
plain. But we will do well to pause and 
consider our postulates, before we are 
earned too far by favorable appearances 
Our basic assumption is that there is a 
molten body beneath the plateau of Tibet 
What evidence is there to justify that? 
There is no conclusive evidence In the 
absence of volcanoes or other surface in¬ 
dications of subterranean heat the as¬ 
sumption IS an inference, which, however, 
may put in claim for acceptance as such 
on the following grounds It is estab¬ 
lished by the occurrence of the Tertiary 
granite that there was during a geologi¬ 
cally recent time a highly heated condi¬ 
tion in the marginal zone of Tibet, at a 
depth from which that body was ex¬ 
truded It IS improbable that the crucible 
could have cooled to solidification, if 
situated at even a moderate depth below 
the crust, and even though it lost a large 
amount of energy in consequence of the 
extrusions, it remained liable to reheating 
by any remainder of radioactive miner¬ 
als, t e , heat generators 

A second reason for thinking that there 
may be a molten body beneath the 
Tibetan plateau springs from the ele¬ 
vated position of its eroded surface The 
type of flat plain, dotted with residual 
hills, to which it belongs, can be sculp¬ 
tured only near sea level It has been 
raised some 15,000 feet There are three 
ways in which such an uplift may be 
produced; a section of the crust may be 
squeezed up, as mountain ranges are; or 
It may be arched up by the intrusion of 
lava between two layers, as in the classic 
instance of the Henry Mountains in 


Utah; or it may be lifted in consequence 
of and by an increase m volume of under¬ 
lying rock. An example of the first kind, 
a mountain range, is long and narrow and 
presents a characteristically crushed and 
folded structure Belts of that nature 
occur in the Tibetan plateau, but they 
represent older mountains and can not 
be the cause of the younger uplift The 
possibility that a layer of rock, 15,000 
feet thick, may have been inserted be¬ 
neath the plateau is ruled out because 
any such mass would have increased the 
attraction of gravity over the average 
normal value and observations fail to 
indicate that excess There remains the 
inference that the volume of an under¬ 
lying mass has been increased, as by a 
swelling action The alteration of an¬ 
hydrite to gypsum, which we have noted, 
suggests one process, but it is not prob¬ 
able that any transformation of minerals 
could occur throughout a layer of suffi¬ 
cient thickness and extent to produce the 
elevation Another process, and the only 
one possible so far as we know, is melting. 
It IS an appropriate action, since it would 
alfect every square mile similarly and 
would produce a more or less uniform 
uplift The increase in volume, concen¬ 
trated in vertical displacement, would 
be about 5 per cent of thickness of the 
solid rock before melting; that is to say, 
a layer 60 miles thick should have melted 
to produce an uplift amounting to 3 miles. 
Given a highly heated body, containing 
sparsely disseminated heaters and situ¬ 
ated in the mantle, below the crust, 
melting appears to be reasonably prob¬ 
able 

A sidelight may be thrown upon this 
inference by reference to the fact that 
the Himalaya mountains are lighter, con¬ 
sidered as a weight on or in the earth’s 
crust, than they would be expected to be. 
This fact was discovered by the surveyors 
of India as far back as 1855, and it led to 
the suggestion that the mountains had 
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no 5 MOUNTAIN RANGES OF ASIA THE HEAVY BLACK LINES REPRESENT THE AXES OF MOUNTAIN 
CHAINS, WHICH SURROUND OR SEPARATE NUCLEI OF THE CONTINENT THE MOUNTAINS ARE MADE 
UP LARGELY OF SEDIMENTARY ROCKS, THAT WERE DEPOSITED BENEATH MARINE WATERS THE 
NUCLEI CONSIST CHIEFLY OF GRANITE INTRUSIONS AND METAMORPHOSED ROCKS, THEY HAVE BEEN 
DEEPLY ERODED AND WERE THEREFORE LAND AREAS. THUS THE MOUNTAIN RANGES AND NUCLEI 
PRESENT A PICTURE OF AN ARCHIPELAGO COMPOSED OF CONTINENTAL ISLANDS AND OCEANIC STRAITS 
THERE ARE GREAT DIFFERENCES OF AGE AMONG THE ROOKS YOUNGER SEDIMENTS AND MORE RECENT 
INTRUSIONS OF GRANITE ARE FOUND IN THE HIMALAYAS, THE MALAY PENINSULA AND SOUTHEASTERN 
AND EASTERN CHINA OLDER SEDIMENTS CONSTITUTE THE CENTRAL AND NORTHERN MOUNTAIN 
RANGES EACH OF THE MARINE STRAITS WAS CLOSED IN TURN WHEN THE SEDIMENTS DEPOSITED 
IN IT WERE FOLDED UP AND RAISED AS PART OF THE CONTINENT THUS ASIA HAS GROWN FROM 
NORTH TO SOUTH AND SOUTHEAST BY THE WELDING TOGETHER OF THE NUCLEI, THE PENINSULA 
OF INDU IS A VERY ANCIENT NUCLEUS, WHICH HAS ONLY RECENTLY BEEN CONNECTED WITH THE 
CONTINENT BY THE FILLING OF THE GANGES TROUGH. 
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deep roots of the relatively light rock, 
granite, sunk in heavier basalt, so that 
the mountains might be thought to be 
floating, like icebergs Definite proof of 
the explanation is difficult and there has 
been much controversial discussion of the 
“roots of mountains“ or Airy theory and 
the alternative suggestion, the Pratt 
theory of balanced masses. Airy’s view 
has for several decades met with little 
favor among geodesists, but it has of late 
gained more credence among geologists, 
and quite recently it has been demon¬ 
strated by earthquake waves that the 
Sierra Nevada of California has a gran¬ 
ite roof, at least 20 miles deep In con¬ 
nection with the uplift of Tibet we may 
only say that a melted root would be 
lighter than a solid one, and the effect 
would be to float the plateau. 

Proceeding from this inference, from 
which we deduce the effect of metamor- 
phism of the under side of the crust or 
of some deeper layer forming the cover 
of the molten body, we may next inquire 
whether the movement of the mountains 
has been in the direction in which meta- 
morphisra should push. 

According to the general inference 
formulated by Suess the arching pro¬ 
gresses outward on the convex side of the 
mountain arc, southward in the case of 
the Himalayas. There in the foothills 
of the mighty range geologists have long 
recognized the fact that the heights are 
moving forward over the lowlands It 
may be that the lowlands are being 
pushed northward under the heights and 
that the zone of extraordinary thrusting 
of sheet upon sheet of rock is being 
actively squeezed from both sides, but 
that possibility does not invalidate the 
evidence of southward movement of the 
Himalaya mountains, outward from 
Tibet 

Turning our attention to Turkestan 
and the Tarim Plateau we there see the 
arc of the Tianshan presenting its con¬ 


vexity toward the north, as if pushed out 
from the Tarim basin; and grasping the 
whole setting of Tibet and Turkestan in 
our view, we see that between the two 
apparent centers of expansion, Tibet and 
Tarim, stretches the nearly straight range 
of the Altin Tag, which thus lies in the 
zone of pressure from both sides. 

The interpretation of these facts, ac¬ 
cording to the hypothesis of Metamorphio 
Orogeny, is that there is a hot spot under 
each of the wide plateaus and that the 
disc above the heated layer is expanding 
in consequence of the elongation of cr 3 rs- 
tals in the process of metamorphism. 
The width of the Tarim basin is about 
350 miles and that of Tibet exceeds 500 
miles Very moderate changes of crys¬ 
talline proportion would satisfy the re¬ 
quirements of the displacement of the 
mountain zones, including both the take- 
up in folding and the over-thrusting of 
the folded masses, provided that each of 
the discs had expanded all over and had 
pushed away from their common boun¬ 
dary in the Altin Tag, but uniform 
action 18 very improbable. We shall 
come nearer to the facts if we assume 
that the hot spot comprises a variety of 
conditions, ranging irregularly from 
molten to pasty solid, and that the effects 
of recrystallization have been correspond- 
mgly unequal in different areas 

A zone of very intense action is found 
southwest of the Tarim ba&in in the 
northwestern Himalayas, where the 
peaks of the Karakoram range stand as 
the highest in the world, exceeded only 
by Mt Everest, at altitudes of 27,000 to 
28,000 feet Their sculptured pyramids 
are residual heights, whose pedestal is 
the plateau that extends from their feet 
at about 15,000 feet Their alignment in 
a northwest-southeast direction in a 
nearly straight line that which a moun¬ 
tain trend should have if it were raised 
by pressure from the Tarim side, and the 
intensity of compression would result 
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from expansion of that oval disc in the 
direction of its major axis. 

Thus it seems as though Metamorphic 
Orogeny might work to produce the pat¬ 
tern of the mountain ranges of the part 
of central Asia that includes the highest 
and most extensive plateaus and moun¬ 
tains of the world, and that it offers a 
force adequate to the task of lifting the 
vast region to its actual altitude and of 
compressing the mountain zones It sug¬ 
gests that the present repeats the pasj; 
in so far as the uplift of continental pla¬ 
teaus, the upthrusting 6t mountain 
ranges and the subsequent erosion of 
highlands to graded plains have again 
and again followed the development of 
molten bodies beneath the outer crust of 
the earth, in consequence presumably of 
local, radioactive heating It answers the 
three questions What is the force that 
is stronger than gravity! What is the 
horizontal force that wrinkles the face of 
Mother Earth ? And what is the relation 
between the two! 

The claim of the theoretical process to 
the degree of Working Hypothesis seems 
strengthened Yet so long as it rests 
upon the inference of subterranean melt¬ 
ing, without more adequate demonstra¬ 
tion of that basic condition, it must re¬ 
main on trial The Japanese Archipelago 
seems to be a hot spot Perhaps a study 
of the dynamics of that region might lead 
further 

However, before we go to Japan, where 
we meet not only the problems of Asia 
but also those of the Pacific, it may be 
well to try to decipher the history of the 
continent according to the hypothesis 
which we entertain as an explanation of 
its nuclei and mountain arcs Our major 
postulate is that the granitic layer of the 
earth’s crust which we call Asia has been 
built up by numerous eruptive bodies, 
that have risen here and there from 
within the globe, at intervals of a hun¬ 
dred million years or so during the last 


two billion years Any eruption may 
have produced a notable granitic nucleus. 
Any nucleus may have been the seat of 
repeated intrusions. The margins of any 
nucleus may have been the preferred path 
of ascent of later intrusions from the 
same source as that which yielded the 
earlier one A small nucleus may have 
been like Ceylon, larger and presumably 
complex ones are now represented by 
Angaia, Gobi, India, etc At any given 
time during the growth of the archipelago 
the spaces between the nuclei were 
troughs, through which sea waters flowed 
and in which sediments were deposited. 

This major postulate is supplemented 
by that of metamorphic orogeny, which 
we have applied to the development of 
the mountain arcs How does that hypo¬ 
thetical explanation work when tested 
against the arrangement of the nuclei and 
their sequence, so far as we know the 
facts! Can the processes have produced 
the pattern of the wrinkles of continental 
Asia! 

Angara and Gobi are among the oldest 
of the nuclei Each of them had a long, 
early history, which we can not yet read 
in the confused and distorted masses of 
ancient, metamorphosed rocks What¬ 
ever the mountain ranges of those remote 
ages may have been they are now ghostly 
visions of the imagination But around 
the nuclei there remain distinct traces of 
younger mountain trends, which envelop 
Angara on the east, south and southwest 
and border Gobi on the east and south¬ 
east Between the two stretch several 
ranges, whose alignment is attributable. 
It would seem, to the expansion of either 
one against the resistance of the other 
Granite intrusions of as late a date as the 
Paleozoic era and mountain folds appar¬ 
ently related to them occur in the Gobi 
region and around its margins These 
curves are predominantly convex toward 
southeast and south, but the little Ordos 
nucleus exhibits evidence of a push to- 
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ward the northwest as well. In central 
Asia the general east-west trends are seen 
to be composed of arcs which frame the 
nuclei of ancient rocks, but which by 
their height and youthful sculpture show 
that there has been mountain-making 
action during comparatively recent geo¬ 
logic periods The effect, when inter¬ 
preted according to Suess’s concept of 
an advancing curve, indicates that each 
nucleus has been a dynamic body, press¬ 
ing against adjacent masses, while the 
general resultant was an outward thrust, 
southward and southeastward 
Marine strata of Paleozoic ages which 
are folded up in the bordering ranges 
around the nuclei of central Asia indi¬ 
cate the former existence of deep and 
more or less connected or interrupted 
straits between the islands During the 
ages of the succeeding Mesozoic era, for 
more than a hundred million years, there 
stretched across Asia and Europe a long 
narrow sea, called the Tethys, a sort of 
long Mediterranean In Asia it occupied 
the region which is now Tibet and ex¬ 
tended to the cast and west Sediments 
accumulated in its waters to the depth of 
many thousand feet, and it is obvious 
that the crust of the earth was depressed 
or sank below some previous level to great 
depths and also that it has been raised 
during later times to its present height 
According to the hypothesis which we arc 
considering the subsidence may be attrib¬ 
uted to slow cooling, solidification, and 
shrinkage of volume of the sub-terrane 


beneath the Tethys, while the uplift dur¬ 
ing later periods follows from subsequent 
meltings and consequent increase of vol¬ 
ume, as we have suggested in the earlier 
pages Interacting with two or three 
epochs of melting and uplift or occur¬ 
ring in sequence between them (the 
details of dynamic relations are not yet 
clearly read) there occurred activities of 
folding Strata of Jurassic and Creta¬ 
ceous ages of the Mesozoic era are in¬ 
tensely folded in mountain ridges that 
traverse the plateau of Tibet They once 
formed ranges of greater relative height 
above the plateau than they now exhibit, 
but they were eroded and the plateau 
surface was planed by erosion to a graded 
landscape of broad valleys before the 
whole mass was raised to its present alti¬ 
tude In the meantime the basin of 
Szechuan, which also was part of the 
Tethys trough and was filled with sedi¬ 
ment, has remained depressed or has sub¬ 
sided in recent times, while Tibet has 
been pushed up These various and 
diverse movements can not be explained 
by any simple mechanical action of pres¬ 
sure from an extraneous source They 
seem to demand internal activities, origi¬ 
nating within each nucleus in the lower 
part of the rigid crust and operating to 
expand the area in such manner as to 
cause the margins to be thrust outward 
The hypothesis of repeated melting and 
metamorphism is framed to meet these 
requirements 



TO WHAT EXTENT IS A SCIENCE OF MAN 

POSSIBLE? 


By FREDERICK OSBORN 

RX8SAR0B ASSOOATl IN ANTBBOPOLOOY, AMEEICAN MUSStJM OF NATURAL BISTORT 

I trol of their environment—railroad, tele- 

Knowlbdoe of man has been growinp: graph, telephone, electric light, motor car, 
slowly over thousands of years. But a submarine, aeroplane, radio, television, 
science of man is something new under reduction of labor needed on the farm, 
the sun. For though science is knowl- canned and frozen foods, cheap goods by 
edge, It IS a special kind of knowledge mass production, sanitation, medicine and 
It is obtained by scientific methods, public health. Almost over night the 
usually involving a collaboration between natural and physical sciences have 
theory and experiment Most science is brought these changes 
based on the quantitative analysis of The biological quality and the training 
measured phenomena It differs from of man has not undergone comparable 
other knowledge chiefly in its quality of changes. Except for medicine, we know 
being demonstrable An experiment to so little about man that it is still fair to 
have scientific value must be one that can ask, ‘‘Can we have a science of mant^' 
be repeated. Scientific phenomena can And the question is, somehow, troubling, 
be measured and recorded over and over Man^s new power to control the environ- 
again or related by theory to other phe- ment has not made him humble He 
nomena that can be repeated. New seeks new short cuts to happiness The 
knowledge of this sort becomes generally older knowledge of man, heritage of ages 
accepted when it has been checked over of experience and suffering, he tends to 
by a suflScient number of people. The discount, because it is not based on the 
older type of knowledge which is derived new scientific method, not capable of 
from personal observations and the con- scientific proof He is not likely to go 
elusions of authorities is harder to check back permanently to the old knowledge, 
up on, IS more subject to personal bias He is too impatient of its restraints, too 
and the mental fashions prevailing at any admiring of the success of the new tjrpe 
given time. Scientific knowledge, on the of thinking based on the scientific method, 
other hand, is cumulative in its effect and Yet without more knowledge of himself, 
has a known predictive value. of his needs, his weaknesses and his pos- 

In a hundred thousand years, by his sibihties, we may wonder whether man 
use of the old forms of knowledge, man can safely handle the extraordinary tools 
developed an environment suitable for a he has recently created. They may inflict 
civilized life He domesticated animals, irreparable injuries. If we ask, “To 
produced cereal crops, and through the what extent is a science of man possible 
great religions aspired at least to a noble perhaps we are really asking to what 
concept of the dignity and character of extent can we achieve a secure and per- 
life manent civilization! 

Then, in a few brief generations, the It is hardly encouraging to compare the 
new forms of knowledge which we call present state of the science of man with 
science brought to men a marvelous con- the marvelous development of the natural 

452 



IS A SCIENCE OP MAN POSSIBLE! 


453 


sciences. But the picture is a more hope¬ 
ful one if we make allowance for the 
respective ages of these two fields of 
science. Several generations of men have 
been trained and taught in the physical 
sciences But no one of the age of forty- 
five or more to-day could have had any 
serious training at college in the sciences 
that have to do with man They were not 
available for teaching twenty-five years 
ago, which is a pretty brief span of time, 
even in this hurried age. 

Scientific work in psychology was in 
its infancy at the turn of the century 
Mendelian genetics were rediscovered m 
1901 At about the same time anthro¬ 
pologists got out of their armchairs and 
began collecting ordered data in the field 
By 1910, text-books were beginning to 
make significant use of new scientific 
materials in these fields By 1920, 
courses in scientific psychology, genetics, 
human biology and anthropology were 
available in most of our universities. To¬ 
day these subjects are among the most 
popular of any that are offered But 
much that is taught about man and 
society is not science Not enough re¬ 
search has been done to supply the basic 
material needed; and, still more impor¬ 
tant, there has been too little time for 
critical analysis, interpretation and or¬ 
ganization of the research that has been 
already carried out Notwithstanding 
this present handicap, the sciences of man 
have already begun to influence our think¬ 
ing in a way which suggests the effect 
that they may have in the future when 
they are more fully developed A few 
examples will make this clear 

II 

Psychology has made important contri¬ 
butions to present-day points of view 
There are some two thousand registered 
psychologists m the United States to-day, 
where there were only a few scattered 
individuals m 1900. The sum total of 


their research fills innumerable volumes. 
But much of this research has been badly 
done, as would be expected in so new and 
difficult a field. 

Some of the most important work in 
psychology has been that on the develop¬ 
ment and experimental application of 
psychological measures, which are the 
necessary tools of acceptable research. 
Methods of measuring intelligence have 
been used extensively and criticized and 
refined during the last twenty-five years. 
Their weaknesses and limitations are now 
fairly well recognized and understood. 
In the hands of competent psychologists 
they have given us what little scientific 
knowledge we have concerning the origin 
and development of the faculty of intel¬ 
ligence which most distinguishes men 
from other forms of life 

There is still controversy among psy¬ 
chologists , part of this may be described 
as a controversy between older schools of 
psychologists and those trained during 
the last decade Laymen who engage in 
controversy are often found to be leveling 
their lances against concepts and meth¬ 
ods that have been completely discarded 
by critical contemporary psychologists. 
Much of this controversy relates to the 
roles of heredity and environment in the 
development of intelligence Recent 
work goes far to clarify this difficult field. 
In the past few years, the so-called fixity 
of the I Q has been disproved We 
know now that a stimulating environment 
m the home, in pre-school, in elementary 
school, in high school, in college and in 
later life tend to raise the I Q of an 
individual, and to maintain it at a higher 
level We know that in a depressed 
environment intelligence fails of a nor¬ 
mal growth A child of two with appar¬ 
ently normal intelligence may in the 
unstimulating surroundings of a badly 
run orphanage revert to feeble-mmded- 
ness On the other hand, there are 
important differences between individuals 



454 


THE SCIENTIFIC MONTHLY 


in the extent to which they respond to 
the stimulus of the same environment. 
Individual differences do not disappear 
when the environment is equalized at a 
high level In a stimulating environ¬ 
ment, able individuals show a capacity 
for response which takes them further 
than ever out of the class of those of 
average ability. Among Newman’s 19 
pairs of identical twins reared apart, 
there were 11 pairs in which the two 
members of each pair had had similar 
amounts of education In each such case 
the twins differed in I Q only about as 
much as the same individual would vary 
when tested at different times, the aver¬ 
age of differences being 4 4 points 
Among four of the pairs there was con¬ 
siderable difference in schooling between 
the members of each pair, their I Q’s 
differed on the average by 10 points 
Among the four rcmainiiig pairs, educa¬ 
tional differences between the members 
of each pair were large, and in these four 
cases the twins differed by 19 points, on 
the average In every case the twin with 
the more education had the higher I Q 
But at the same time where one twin was 
dull for his poor environment, the other 
was dull for his good environment, and 
where one twin responded well to his 
poor environment, his mate responded 
well to his good environment 

Twin Eleanore only got as far as the 
fifth grade, and attained an I Q of only 
66 Her sister Georgiana went through 
grade school, high school, four years of 
music and three years of normal school 
After all that education, her I Q was 
only 78 It is hard to escape the conclu¬ 
sion that this pair of identical twins were 
not endowed with the genetic factors 
necessary to ordinary intelligence 

Twin Gladys, with only three years’ 
elementary schooling as the total of her 
education, had the creditable I Q of 92 
Her sister Helen, with a college degree, 
had an I Q. of 116. Evidently the ge¬ 


netic endowment of these girls was suffi¬ 
cient for the development of average 
intelligence 

The findings on identical twins reared 
apart check pretty well with other studies 
on the relative contributions of heredity 
and environment to individual differ¬ 
ences in intelligence in the general run 
of our population. Of course, nineteen 
pairs collected by Newman and one by 
Muller is a number woefully inadequate 
for statistical validity, but this inade¬ 
quacy IS typical of the present state of the 
science of man. 

If heredity is indicated as an impor¬ 
tant factor in differences in the intelli¬ 
gence of individuals, this is far from 
being the case with respect to differences 
m average intelligence which are found 
between socio-economic or occupational 
groups There have been five studies of 
foster children in which it was possible 
to distinguish the occupational or socio¬ 
economic grouping of their true parents. 
These are the studies by Burks of Califor¬ 
nia, by Freeman of Chicago, by Leahy in 
Minnesota, by Skeels in Iowa and by 
Lawrence in England In the Freeman 
and Skeels studies there is evidence of 
selective placement That is, the brighter 
children were more often than not placed 
in the superior homes In the other 
studies this was apparently not the case 
The findings from all five studies were 
similar The children whose true parents 
were in the lowest occupational or socio¬ 
economic groups had an average I Q 
about 6 points lower than that of the 
children whose true parents were in the 
upper occupational or socio-economic 
groups, the foster homes being m all 
cases carefully matched for educational 
stimulus This difference of about 6 
points indicated as the contribution of 
heredity is small, and becomes even less 
significant on further analysis of the 
methods necessarily employed in these 
studies If it had been possible to set 
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these studies on a better basis, it is likely 
that an even smaller difference would 
have been shown. If these are the indi¬ 
cated differences between the relatively 
small group at the bottom and top levels 
respectively, then the differences in 
hereditary capacity between any of the 
larger groups are of little importance 
As in the case of identical twins, the 
number of studies is quite inadequate for 
final conclusions But even these tenta¬ 
tive findings point to some interesting 
inferences 

If innate differences in intellectual 
capacity are on the average so small 
between different occupational classes, 
then our educational system should not 
be permitted to become a class affair The 
American ideal that would open the high¬ 
est educational opportunities to young 
people from every rank of society would 
seem fully justified. On the other hand, 
if hereditary factors are of major im¬ 
portance in determining differences in 
intelligence between individuals in a 
similar environment, then our educa¬ 
tional system should be pointed up to 
meet the needs of individuals at different 
levels of genetic capacity 

Thus, the recognition of individual dif¬ 
ferences shows the need for the separation 
of the sub-normal from the intellectually 
superior in their class of work if either 
group IS going to benefit fully from its 
education The beginning of such a 
separation is being made m some schools 
to-day It IS one of the important con¬ 
tributions made so far by the budding 
science of man This process of fitting 
the education to the capacities of the 
individual will undoubtedly continue as 
our educational system becomes increas¬ 
ingly affected by our growing knowledge 
of individual differences in capacity 

III 

In the field of genetics, the marvelous 
advances of the past forty years have 


been largely limited to the genetics of 
plants, insects and animals For some 
reason, human genetics has been largely 
neglected in this country compared to 
what has been done by Fisher, Haldane 
and Hogben, in England, and by Ver- 
schuer and others in Germany There is 
almost no knowledge of genetic factors 
in normal variations in general qualities, 
such as intelligence, character or suscepti¬ 
bility to disease Important work has 
been done on blood groups A consider¬ 
able number of infrequent abnormalities 
are known to be due to genetic factors, 
and in some cases the mode of inheritance 
is known Research work on genetic 
factors in feeble-mindedness and in men¬ 
tal disease is almost all in the future. 
Nevertheless, there are many signs of an 
aroused interast in the medical pi ofession 
and a new recognition of their responsi¬ 
bility for preventing the spread of serious 
hereditaiy defects 

Ultimately, scientific knowledge in re¬ 
gard to the part played by genetic factors 
in causing individual differences, and 
further research on the inheritance of 
different genetic factors, may make pos¬ 
sible measures that would tend to discour¬ 
age the reproduction of inferior genetic 
strains and encourage the reproduction 
of those above the aveiage 

Thus, scientific knowledge of the rela¬ 
tive paits played by heredity and by 
environment m developing individual 
differences may become a valuable tool 
for improving human qualities, first on 
the enviionmental side through changes 
in education and ultimately through rais¬ 
ing the aveiage hereditary level 

IV 

Anthropology has made at least one 
important contribute w to the American 
point of view by showing the extent to 
which culture patterns are fixed by the 
social environment with little regard to 
the type of people involved Many of the 
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qualities commonly spoken of as ‘^racial 
characteristics’’ are now known to be 
matters of social rather than genetic 
inheritance. The whole concept of race 
has undergone a violent transformation 
in the past fifteen years. It is said that 
Hitler during the two years he spent in 
jail before coming to power read widely 
in what were then supposed to be scien¬ 
tific books dealing with race They were 
not scientific in our present definition of 
the term. they were the German analogies 
of Madison Grant’s ‘‘Decline of the Great 
Bace/’ which was having a vogue in this 
country at that time. Modern research 
of a more scientific sort denies most of 
their conclusions. It is interesting to 
speculate on what would have been Hit¬ 
ler’s attitude towards race if he had had 
access to present scientific knowledge 

These few and tentative conclusions are 
suggestive for the future, but they do not 
indicate to what extent the science of man 
may be possible. It is only very recently 
that we have really lifted age-long taboos 
against an honest examination of our¬ 
selves. In the past twenty years more of 
a start has been made than might reason¬ 
ably have been expected under the cir¬ 
cumstances The prospect for the future 
seems hopeful The extent to which we 
can have a science of man would seem 
almost unlimited provided three major 
conditions are met. 

The first is plenty of time 

The second is the enrolment in this 
work of men of high abilities, with ade¬ 
quate support 

The third is freedom of thought, free¬ 
dom of inquiry and freedom of criticism 

V 

Research problems concerning man are, 
in many eases, no different in kind from 
research problems concerning other forms 
of mammals on which effective work has 
been done. But the problems of man are 
infinitely greater in complexity and re¬ 


quire more time in proportion as the 
space between human generations is 
longer than the space between the gen¬ 
erations of the smaller mammals. What 
Tryon learned about the genetics of maze¬ 
running ability in rats might be dupli¬ 
cated in human beings with regard to 
genetic factors in differences in general 
intelligence, but it would take 200 years 
and a quite inconceivable control of 
human breeding to carry out such an 
experiment The difficulties of studying 
environmental influences are almost as 
great, but there is no reason to believe 
they can not be solved by sufficiently per¬ 
sistent effort and by the development and 
application of new methods. 

There remains one important difference 
between the study of animals and the 
study of man, namely, that in the latter 
case man is studying himself and thus 
finds it more difficult to exclude his per¬ 
sonal and emotional biases and reactions. 
It is for this reason, among others, that 
freedom of criticism is as important as 
freedom of thought in the development of 
the science of man. With all these diffi¬ 
culties taken into account, there is still 
every reason to believe that the develop¬ 
ment of the science of man will go for¬ 
ward rapidly from its present modest 
beginning 

VI 

It 18 worth while to consider the differ¬ 
ent practical applications that may result 
from the sciences of man The first has 
to do with education. Present methods 
of education are the product of a long 
evolution under the guidance of the old 
type of knowledge. On the whole, educa¬ 
tion to-day IS undoubtedly better then the 
education available in the past. But we 
do not know in any precise way what a 
modem education really does or the dif¬ 
ferent effect It has on different types of 
people. Psychologists m great number 
are working on new measures for deter- 
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mining individual capacities along dif¬ 
ferent lines. Other psychologists are 
trying to determine the effect of different 
educational environments on people of 
different capacities. We may be sure 
that there is no single environment that 
would be the optimum environment for 
every one. Each individual will make 
his maximum development in the environ¬ 
ment that will most stimulate the particu¬ 
lar responses of which he is capable The 
environment that would be optimum for a 
dull person would be insufficient for the 
full development of a superior person. 
In the studies on orphanage and pre¬ 
school children being made by Stoddard 
at the University of Iowa, the brightest 
children showed the least growth in the 
deprived environment of the orphanage 
The Pennsylvania Inquiry on school and 
college education by the Carnegie Foun¬ 
dation indicates wide individual differ¬ 
ences in ability to respond to a college 
education A considerable proportion of 
those going to college go backwards 
rather than forward intellectually during 
their last four years of schooling It is 
not too much to hope that work of this 
sort will develop a science of education 
such that ultimately we shall be able to 
measure the specific potentialities of eacli 
individual and provide an educational 
environment which would be the optimum 
for each of his particular abilities. Such 
a change in our educational system if 
universally applied would probably raise 
the average I Q almost 20 points. Few 
people would remain without some spe¬ 
cific capacity which, properly developed, 
would make them more valuable members 
of society in their own recognized spe¬ 
cialty 

With respect to the development of 
character and a balanced personality, 
scientific advance is more difficult than in 
the field of intelligence, but work is now 
going forward which will hasten the revo¬ 
lution in our treatment of criminals, and 


which will ultimately greatly reduce the 
number of anti-social, distorted and un¬ 
happy personalities; and even for the 
normal child will make possible a more 
socially adapted and happier personality 

VII 

To date, the most effective applications 
of a science of man have been in medicine, 
nutrition and public health The expec¬ 
tation of life at birth is now double that 
prevailing a century and a half ago, and 
has been increased from 49 2 years in 
190(>-1902 to 60 3 in 1929-1931 Medi¬ 
cine had a long start on psychology It 
is not unreasonable to suppose that in 
another fifty years we may have a science 
of man which can prescribe the optimum 
environment not only for the maximum 
physical but also for the maximum intel¬ 
lectual and personality development of 
each different individual The applica¬ 
tion will not be easy But when the 
knowledge is available, some way will be 
found to apply it. 

The science of human genetics will 
ultimately supply psychologists with 
additional knowledge necessary for an 
understanding of different human types 
But the major applications of the science 
of human genetics will be in the field of 
direct improvement of the genetic quali¬ 
ties of human stocks. That is far in the 
future What a few men did in twenty 
years, working in Drosophila^ it may 
take several hundred men a hundred 
years or more to do working on man. 
Given sufficient time, and the. develop¬ 
ment of new tools of research which will 
surely take place, a fairly complete genet¬ 
ics of man is possible Whether its 
practical applications will be important, I 
leave to you to decide Does your experi¬ 
ence m plant and animal genetics lead 
you to think that the average man's 
socially valuable qualities in our changing 
environment could be improved by creat- 
mg conditions in which superior strains 
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have the larger famibes and in which the 
breeding of inferior strains is effectively 
discouraged Y 

VIII 

We have been considering only the 
sciences relating to individual differences 
and individual development, and the con¬ 
tributions which these sciences may make 
to the improvement of human beings 
But the study of man can not proceed 
independently of his environment and 
his activities, which are the field of the 
so-called social sciences Nor can the 
social sciences proceed successfully with¬ 
out more knowledge of this strange and 
complicated creature, man The develop¬ 
ment of the science of man should there¬ 
fore have another important effect m the 
contribution it will make to the sciences 
which deal with the behavior of men in 
the mass and their relations to each other 

All branches of sociology are at present 
handicapped by lack of knowledge of the 
human material whose activities they are 
studying The postulate of the economic 
man, impervious to all other emotions, 
does not add to the reality of economics 
Perhaps the new field of population study 
provides the best example of the interde¬ 
pendence of studies of man and studies 
of man ^8 activities Here the analysis 
and forecasting of total population trends 
has been revolutionized since 1925 by the 
introduction of procedures for taking 
changes in age and sex composition accu¬ 
rately into account. It is safe to say that 
the error m population forecasts for the 
United States for the next thirty years 
has been cut in half by the application 
of these techniques, and equally impor¬ 
tant information about future age distri¬ 
bution has been added, which was wholly 
lacking before 

The study of the adjustment of the 
population to resources in different parts 
of the nation, which had never been given 
serious attention before 1930, has been 


developed to the point where its results 
already have very practical and far- 
reaching significance The study of dif¬ 
ferential reproduction rates, which prior 
to 1930 had been based chiefly on such 
fragmentary and inaccurate data as re¬ 
ports by college students about the num¬ 
bers of children in their fathers' families, 
has been extended and refined until it is 
possible to describe the reproductive ten¬ 
dencies of most population groups m the 
United States with considerable accuracy, 
and we are now beginning to get accurate 
information on how these rates are chang¬ 
ing in different groups under different 
conditions. It may be hoped that the 
1940 census will supply the necessary 
materials for far more accurate and 
extensive studies along this line. 

But these so-called group differentials 
in fertility relate only to occupational 
groups or to regional groups We 
know that farmers have more children 
than city people, but we do not know 
what genetic types are surviving in the 
greatest numbers It is impossible to say 
at present on the basis of any scientific 
evidence whether the human race is im¬ 
proving or whether it is deteriorating 
This important question, with all its prac¬ 
tical implications, can be answered only 
when population study can employ mea¬ 
sures of innate human qualities, and for 
these it must wait on the development of 
the sciences of man 

Thus, the science of man may not only 
make it possible to improve man himself 
by supplying the proper environment for 
his development and, ultimately, even by 
an improvement in his genetic potentiali¬ 
ties, but may give the social sciences suffi¬ 
cient precision to make them truly 
sciences capable of predicting the end 
results of current political, social and 
economic trends 

The sciences of man may in these ways 
make an invaluable contribution to 
human welfare. They may also make 
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an even greater contribution in setting 
up new concepts of human possibilities, 
new ideals as to the purpose of life. 

IX 

In the long period of comparative 
world peace which lasted 100 years from 
the Battle of Waterloo to the outbreak 
of the World War, there seemed to be a 
growing recognition that the physical 
well-being and the fullest intellectual and 
moral development of individuals was the 
highest goal of society This ideal of 
individual improvement was eclipsed by 
the old barbarism which emerged in the 
war and by the desperate struggle for 
power that has followed We seem to be 
going back to primitive aspirations in 
which the improvement and happiness of 
the individual are subordinated to the 
power of the state A return to religion 
would prevent this trend going fmther, 
but a new stimulus is needed That 
stimulus may he in the science of man 
When we have a clear picture of what an 
optimum environment can do for the de¬ 
velopment of the individual, when we 
understand better the extent to which 
inferior genetic qualities may limit 


human development compared to the full 
flowermg of those with a superior inheri¬ 
tance, when we realize that for each 
region of the earth and for each stage of 
its civilization there must be an optimum 
population at which its people are best 
supported, when economics and sociology 
understand the human material with 
which they are dealing and become in 
their turn sciences of human relations, 
when we have in our hands demonstrated 
scientific tools capable of vastly raising 
the level of human relationships and of 
the developed qualities of man, may we 
then not hope that men will be moved to 
new aspirations commensurate to their 
new possibilities? Science will never 
take the place of religion m revealing the 
ultimate niysteiies and purposes of life— 
whence we came, our purpose here on 
earth or what lies beyond But religion 
is also concerned with improving the lives 
of human beings, and hence religion will 
be strengthened by the sciences of man 
as they demonstrate methods for attain¬ 
ing a new and higher ideal of man’s life 
on earth And the demonstration that 
such an ideal is possible is the first step 
towards attaining it 
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Recently we have indulged in much 
back-patting and self-congratulation on 
our modern engineering progress. Let 
us go back a few thousand years to see 
what we have which the ancient peoples 
lacked. In general we will find that 
most ancients had a large number of 
products and devices which we think of 
as modern. For example, there are now 
large industries making boards from 
cornstalks, artificial silk from wood, auto¬ 
mobile steering wheels from soya beans, 
and so on. In the pre-Christian era there 
existed industries which supplied imita¬ 
tions of things too expensive for the com¬ 
mon people, such as metallic alloys re¬ 
sembling silver and gold, artificial pearls, 
a cheap dye matching the costly Tynan 
purple, artificial amethysts and other 
jewels from glass. 

Suppose we hastily review the knowl¬ 
edge of ancient peoples to evaluate their 
possibilities in engineering achievements 
The more advanced races had developed 
out of the stone age m prehistoric times 
They used copper and bronze implements 
before written history, hardening these 
soft metals by hammering By about 
1000 B 0 iron was replacing bronze for 
many uses Smelting of metals was suc¬ 
cessfully practiced as well as the metal¬ 
forming processes of forging and casting 

Somewhat later steel was made from 
iron and hardened by quenching in water 
or case-hardened by baking in charcoal 
and then quenching Homer in the 
‘‘Odysseymentions hardening iron by 
quenching, and in the Iliad he gives a 
vivid picture of armor-making, using 
fires, bellows, tongs, hammers and anvil 
to form gold, silver and bronze into elab¬ 
orate designs Some idea of the preva¬ 
lence of iron in 700 b c is indicated by 

1 Presented on the W G Y Science Forum 


the discovery of 176 tons of rectangular 
iron billets in the storehouses of the 
Assyrian king Sargon II 
With these materials, hand tools for 
all trades were made in numbers and 
variations nearly equivalent to the pres¬ 
ent-day list In certain instances the 
ancient tools show a more refined design 
than our modem examples 

For rock-cutting the Egj^tians em¬ 
ployed copper saws set with corundum 
teeth capable of working in slabs of rock 
7i feet thick Core drills set with jewel 
stones for drilling rock could turn out 
work which has been judged the quality 
equivalent of our modern reinvention, 
the diamond core drill 
The theoretical equipment of the an¬ 
cients was not great until developed in 
Greece during the last few centuries b.c. 
Previously all designs were based on ex¬ 
perience and rule of thumb This is true 
to a large extent in some branches of 
modern engineering It is also true of 
the Roman engineers after the decline 
of learning in Greece 
The early Egyptians could do simple 
arithmetic, and were expert at measuring 
because of the yearly necessity of resur- 
veying the flooded Nile valley. Despite 
their lack of theory the Egyptians made 
some remarkable structures We have 
all been awed by the size of the Great 
Pyramid, but actually size in a structure 
of that type is just a matter of time, 
money and tremendous quantities of 
slave labor In my opinion the astonish¬ 
ing thing about the Great Pyramid, built 
in 4700 B c, is not its magnitude but the 
accuracy with which it was laid out and 
built and which it has maintained. One 
investigator, after careful measurement, 
has shown the sides to have a mean error 
460 
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of only six tenths of an inch in 756 feet 
For comparison, a carefully machined 
part of a modern automobile might be 
held to within plus or minus one ten 
thousandths of an inch in a one-inch 
diameter This allows an error of 2 parts 
in 10,000, whereas the pyramid error is 
only 7 parts in 100,000 or one third as 
great 

An examination of the chambers in this 
pyramid shows that many of the seams 
between blocks of stone are nearly in¬ 
visible, and that there are no signs of 
settlement cracks or flaws One wonders 
whether any of our modern structures 
will survive 6,600 years in as perfect 
condition. 

Flood control sounds like a modern 
problem, at which we have not done too 
well—witness the 1937 Mississippi River 
flood Herodotus, a Greek visiting Egypt 
in 430 B c , described a flood control and 
irrigation system in the Nile valley which 
was begun in 3400 b.c. This system con¬ 
tained a dam impounding a water area of 
700 square miles connected to the Nile 
by canal, for regulation purposes The 
river valley land below this dam was 
divided into basins for holding the water 
until the silt used for fertilizer had set¬ 
tled out Villages were built on artificial 
mounds above flood level Instead of 
dreading floods the Egyptian farmer wel¬ 
comed them, since the silt brought down 
by the flooding river was necessary for 
enriching the land 

As I mentioned before, the Greeks were 
the flrst people to contribute largely to 
scientific and engineering theory By 
200 BC plane and some solid geometry 
was pretty well worked out, the laws of 
levers and center of gravity understood, 
and something was known of relative 
density and hydrostatic pressure In 
fact, plane geometry was called Euclid, 
after the Greek scholar, until quite re¬ 
cently. Physics books now name the law 
of buoyancy after its Greek discoverer 
Archimedes. The Greeks also had some 


understanding of the arithmetical rela¬ 
tions of musical tones and the laws of 
light reflection, Archimedes had deter¬ 
mined the value of rr, that is the ratio 
of the circumference of a circle to its 
diameter, to within 1 part m 10,000. 

At the height of the Greek civiliza¬ 
tion, the great minds were almost entirely 
concerned with theorizing Practical ap¬ 
plications of their new knowledge did not 
interest them, in fact, practical engineer¬ 
ing was considered beneath their exalted 
station This attitude is not unknown at 
the present time As there was plenty of 
cheap slave labor to do the job required 
in the Greek world no need was felt for 
labor-saving or power-producing machin¬ 
ery. The building of automata, similar 
to our mechanically operated toys, was 
as near as these scholars cared to ap¬ 
proach practical application, although 
they were not above loading dice with 
lead, as mentioned in the writings of 
Aristotle 

With this background many interest¬ 
ing but non-productive devices were 
built Greeks used water trickling 
through a small hole into a reservoir as 
a measure of time These timepieces had 
many ingenious variations such as a 
form of alarm clock attributed to Plato. 
In this device a second closed reservoir 
was connected to the first by means of 
a siphon which would not become charged 
until the water in the first reservoir had 
reached a predetermined height The 
siphon would then quickly draw off the 
water from the first reservoir to the 
second, forcing air out of the second 
reservoir thiough a whistle in the cover 
There is a mechanically operated puppet 
theater described, which is a good ex¬ 
ample of an automaton, built to mystify 
the common people This device con¬ 
sisted of a closed box ^et on wheels run¬ 
ning in tracks laid on a stage. On top 
of the box was a small temple surrounded 
by figures of dancing girls and contain¬ 
ing an image of Bacchus The device 
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moved onto the stage under its own 
power while Bacchus poured libations 
and the figurines danced. At the con¬ 
clusion of the performance the wheel- 
driving mechanism reversed, moving the 
entire show off of the stage. Power for 
this contrivance was obtained from a 
falling weight hidden in the box and 
controlled in speed by a device similar 
to a water clock, but using millet seed 
mstead of water 

When necessary the Greek scholars 
could do outstanding engineering work 
Archimedes was drafted for the defense 
of his native Syracuse against the Roman 
fleet and armies The historian Polybius 
describes several of Archimedes’ new 
devices designed for the destruction of 
the Roman galleys operating under the 
city walls One employed a heavy lead 
ball, suspended by a pulley arrangement 
from a long arm, which could be swung 
about and dropped on the galleys’ decks 
Another device suspended a grab hook 
from a crane arm in such a way that the 
hook could catch the bows of the Roman 
ships, lifting and suddenly releasing 
them, causing a ‘‘scene of the utmost 
confusion,” to use a phrase from our 
historian 

At the end of the pre-Christian era 
we find more attention paid to practi¬ 
cal devices containing the so-called mod¬ 
ern machine elements such as wedges, 
jack-screws, pulleys, windlasses, levers, 
toothed gearing, etc Compressed air 
and hydraulic devices such as force 
pumps, siphons and pipe organs were 
known also Hero or Heron, an Alex¬ 
andrian engineer, describes several use¬ 
ful machines, among them a hodometer 
similar to our bicycle odometers Hero’s 
device, when mounted on a wagon, con¬ 
verted the revolutions of the wagon 
wheels, through suitable step-down worm 
gearing, to distance traveled, and showed 
this distance on a calibrated dial For 
use as a taximeter, metal balls were ar¬ 
ranged to be dropped by the machine 


into a resonant container, thus marking 
the completion of each unit distance of 
travel with a suitable noise. 

Hero also describes a two-cylinder 
water pressure pump for fire extinguish¬ 
ing, fitted with a nozzle capable of point¬ 
ing in any direction Remains of pumps 
similar to this have been found, made of 
wood with lead-lined cylinders Other 
two-cylinder pumps, made entirely of 
bronze, have been recovered The pump 
valve designs are quite satisfactory for 
modern use 

Hero is credited with a device resem¬ 
bling a reaction steam turbine He 
mounted a hollow brs^ize ball on pivots 
between two uprights above a heated 
closed vessel containing water, that is, 
a boiler One upright and pivot was 
made hollow so that steam could be led 
from the boiler into the hollow ball This 
steam escaping from two bent nozzles on 
the ball rotated the ball Since power 
could be cheaply obtained from slave 
labor this device was looked upon as an 
interesting toy rather than a source of 
useful power It wasn’t until seventeen 
centuries later that men became seriously 
interested in using steam for power pur¬ 
poses 

Hero’s surveying instrument, the diop- 
tra, contained all the essential movements 
of the modern transit without its tele¬ 
scope A water level with a long base 
built into this instrument gave accurate 
leveling The familiar surveyor’s staff 
with movable sighting disk was used in 
its present form 

On the water the ancients got around 
quite well About 600 bo the Phoe¬ 
nicians circumnavigated Africa. Later 
there was a canal from the Nile to the 
Gulf of Suez serving the same purpose 
as the present Suez Canal. Apparently 
the ancients were troubled with some of 
the same problems which our modern 
naval architects face The early boats 
on the Nile were built with long, over¬ 
hanging bows and stems. To prevent 
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sagging of these portions a truss of 
twisted cable was passed from the bow 
over several short uprights set along the 
length of the boat and again fastened 
at the stern This anti-hogging device 
can be seen on some modern river steam¬ 
boats as a steel rod with turnbuckles 
placed exactly as m the Egyptian boats 
In the Mediterranean the Greek and 
Roman war galleys could attain speeds 
of 13 to 15 knots for short times and 
average 7 knots on long voyages In 
maneuverability these galleys have never 
been surpassed Again man power was 
used to propel these vessels since it was 
easily obtained and controlled Only on 
long voyages with favorable winds or m 
merchant vessels were sails employed 
Some of the ancient ships were rather 
large, a galley built for Ptolemy Philo- 
pater of Egypt was reported to measure 
420 feet long on a beam of 57 £(»et A 
dry dock complete with movable gates, 
valves, pumps and keel blocks, is de¬ 
scribed for handling this mighty ship 
There are many more instances of the 
ancient use of modern discoveries and 
remventions Theophrastus (third cen¬ 
tury B c ) describes coal and its com¬ 
bustion Dioscorides (first century ad) 
mentions the distillation of crude min¬ 
eral oil to obtain different grades of oil 
Apparently our modern petroleum in¬ 


dustry began its development at least 
1,900 years ago We think that certainly 
our chewing gum and cigarette vending 
machines must be new, but Hero de¬ 
scribes a device for dispensing cere¬ 
monial water in Egyptian temples, oper¬ 
ated by putting money in a slot The 
advantage of the ancient device over 
ours was that the exact coins were not 
needed, since the machines delivered 
when the correct total weight in coins 
had been provided 

Ingenious and modern-sounding as 
many of these early devices are, they 
differ from our modern engineering 
projects in that they take no account of 
power The ancients employed cheap 
and easily a\Hilable slave labor, which 
could produce about one tenth horse¬ 
power per head While this system was 
all right for the ruling classes, for the 
slaves themselves it meant untold labor 
and suffering Great as have been our 
advances in science and engineering, they 
are more than paralleled by our social 
advancement And perhaps the ancient 
engineers, if they could come to life to¬ 
day, would be most surprised to see us 
using, instead of a sweating and groaning 
slave, his power equivalent of 75 watts 
of electricity, which most of us can buy 
at the rate of two fifths of a cent an hour 
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Baking has been an art since the dawn 
of civilization, for bread is the most ven¬ 
erable of the prepared foods of man In 
every era of harried human existence, the 
race has been nurtured, biologically if 
not spiritually, on bread alone Thus, 
bread has come to be an appropriate sym¬ 
bol for food Itself. 

It IS an apt symbol, because bread 
gives sustenance that satisfies certain im¬ 
portant physiological needs While it is 
axiomatic that there is no substitute in 
the human diet for pure milk, foremost 
of our protective foods, it can be asserted 
with equal scientific validity that there is 
no substitute for good bread, foremost of 
the foods that give energy Research has 
amply demonstrated, in fact, that the 
most beneficial diets are usually those 
that are built around bread and milk 

Prom a craft, baking has been emerg¬ 
ing in recent years into a science. There 
has been developing a new baking tech¬ 
nology, based on the application of scien¬ 
tific methods and principles to the age¬ 
long art of bread-making The progress 
of this new technology is, of course, far 
from complete, but already its results 
have had a definite influence on our na¬ 
tional nutrition 

The future influence of baking tech¬ 
nology will depend not only upon the sig¬ 
nificance of new discoveries and pro¬ 
cedures, but upon their avid application 
by the baker and, most of all, upon the 
ability with which they are interpreted 
to the consumer In any branch of tech¬ 
nology, interpretation is always as im¬ 
portant as investigation and application. 


The Scope op Baking Technology 

Baking technology begins not in the 
bake shop or the mill, but on the farm 
and in the soil where wheat, the aristo¬ 
crat of the cereals, is produced It is to 
the cereal chemist that we must look for 
the first step in the urthnate manufacture 
of the perfect loaf of bread Where the 
cereal chemist leaves off, the bakery engi¬ 
neer begins, although the line of demar¬ 
cation between the responsibilities of the 
two is sometimes difficult to define. 

The cereal chemist is concerned pri¬ 
marily with the properties of flour, the 
principal ingredient of bread and baked 
goods In most instances he is a labora¬ 
tory technician, remote from the con¬ 
sumer It was suggested by L E. Caster 
at the 1938 meeting of the American As¬ 
sociation of Cereal Chemists that most 
cereal chemists would perform more valu¬ 
able functions if they spent considerable 
time in the operating end of bakery pro¬ 
duction. 

‘‘Cereal chemistry,*' said Mr Caster, 
a former president of the American So¬ 
ciety of Bakery Engineers, “is still in the 
pioneering stage The chemist has been 
prone to tackle his problems from a pure 
chemistry standpoint and has forgotten 
that flour is a biological, living material 
which changes from day to day. In 
order, therefore, to be of assistance to the 
production man, the chemist must realize 
that he, m the laboratory, must deal with 
flour and bread just as they are produced 
and used, not for the purpose of running 
his chemical determinations 

iL E Caster, Am. Baking Aan. Mo. BM., 
May-Juno, 1938 
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The problezne of baking technology are 
accentuated by the fact that wheat and 
the flours made from it in different years 
and m different places seldom show any 
degree of uniformity. These variations 
are due to certain uncontrollable factors, 
such as climate and weather, but they are 
also due to some controllable factors, such 
as soil chemistry, plant genetics and 
methods of harvesting The miller is 
cognizant of these problems and coope¬ 
rates with the baker in attempting to 
solve them. 

Modern Bread 

Modern bread is, however, more than 
wheat flour A quarter of a century ago, 
bread was made largely in the home from 
wheat flour, salt and water, fermented 
with homemade yeast of somewhat uncer¬ 
tain quality. To-day, about 85 per cent 
of all bread consumed in the United 
States IS prepared by approximately 
28,000 commercial bakers The formulas 
employed by these bakers not only are 
different from those formerly used in the 
home, but they are better, and here is 
one important advance in baking tech¬ 
nology 

In addition to wheat flour, the modern 
baker of white bread also includes milk 
solids, pure yeast of uniform quality, 
some kind of shortening or fat, salt, 
sugar in the form of sucrose or dextrose, 
malt or malt extract and water Where 
local water supplies are too soft, he may 
add very small amounts of certain cal¬ 
cium salts as dough conditioners Be¬ 
cause of the richness of his formula in 
other ingredients, the baker uses slightly 
less flour than was once the custom The 
resulting improvement in the quality of 
the loaf tends, however, to increase 
rather than decrease flour consumption 

Perhaps the most significant change in 
the formula of modern white bread has 
been the inclusion of increasing amounts 
of milk solids, derived from whole or de¬ 


fatted liquid milk, condensed milk or 
powdered milk. The growth in the use 
of milk m bread is mdicated by the fact 
that in 1923, when the American Insti¬ 
tute of Baking took the initiative in ad¬ 
vocating more milk in bread, the baking 
industry purchased 33,000,000 pounds of 
dried skimmed milk, as it was then called. 
To-day, bakers buy more than three times 
that quantity of ‘‘dry milk solids not 
over II per cent fat,'* as the product is 
now more aptly designated The bakmg 
industry is, in fact, the largest single cus¬ 
tomer of the dairy industry, procuring 
annually from it the equivalent of a 
quarter of a billion quarts of milk 

The addition of milk solids to bread is 
impoitant from both the standpoints of 
baking technology and dietary quality. 
The use of milk m bread unquestionably 
improves its color, texture, symmetry and 
general quality, without appreciably af¬ 
fecting the cost per pound The milk 
contributes complete proteins, which sup¬ 
plement the nutritive properties of the 
wheat proteins, glutenm and gliadm. 
Bread made witli milk has, in fact, about 
10 per cent protein, which contains all 
the amino acids now recognized as indis¬ 
pensable to life 

Milk solids likewise contribute the im¬ 
portant food minerals, calcium and phos¬ 
phorus, to bread The presence of these 
minerals m white bread is further aug¬ 
mented by the use of calcium salts as 
dough conditioners or so-called yeast 
foods. Modern bread is, in fact, a much 
better source of calcium than published 
analyses of the past would indicate Re¬ 
cent investigations by Cathcart and 
Prouty in the laboratories of the Ameri¬ 
can Institute of Baking at Chicago have 
shown that commercial loaves of bread 
will average 065 ]>ci cent calcium* 
Thus, SIX slices of bread a day will fur¬ 
nish 30 per cent of the calcium require¬ 
ments of the normal adult. A pint of 

2 Jour of Nutrition In press 
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milk in the diet would supply the re¬ 
mainder. 

The use of an average of 6 per cent, 
milk solids in white bread has served like¬ 
wise to make even more ridiculous and 
absurd the rantings and ravings of the 
food faddists who wax so frenetic over the 
alleged virtues of whole wheat products 
and the supposed deficiencies of white 
bread The routine addition of milk to 
white bread (except French and Italian 
bread) has so narrowed the nutritional 
gap between this nourishing food and the 
coarser-grained dark breads that the only 
dietary advantages now recognized for 
whole wheat bread are the higher con¬ 
tents of iron and vitamin Bi or thiamin 
The higher contents of these nutrients 
are offset somewhat by the fact that 
whole wheat products also contain a large 
amount of indigestible, unassimilablc 
fiber or roughage Bran may be a boon 
to a few sufferers from chronic bowel 
dyskinesia, or constipation, but for many 
persons it is a dangerous irritant in the 
gastro-intestinal tract 

Restoring Lost Nutrients to 
White Bread 

White bread made with milk is a fairly 
good source of vitamin B 2 or ribofiavin, 
but it contains only from one fifth to one 
fourth the usual thiamin or vitamin Bi 
content of whole wheat bread Since this 
important factor is frequently deficient 
in the average American diet, its preser¬ 
vation in refined flour and white bread 
or its restoration to these products would 
be eminently desirable Despite the ar¬ 
dent pleas of nutritionists for a greater 
consumption of the whole grain products, 
the American public always has pre¬ 
ferred white bread and continues to es¬ 
pouse it, chiefly because of its bland fla¬ 
vor and more attractive appearance 
Only about 2 per cent of all wheat flour 
now consumed in this country is of the 
whole wheat variety, and there seems to 
be little likelihood of any drastic increase. 


Modem baking technology has devel¬ 
oped effective methods for the retention 
of thiamin in white bread, although these 
procedures are not yet in universal use 
Thus, new methods of milling are re¬ 
ported as preserving the original content 
of vitamin Bi in white flour. Ingredients 
rich in this factor, such as yeast, have 
also been placed on the market, and there 
are available various concentrates of the 
vitamin that can be added to the dough 
Since thiamin is thermostable, there is no 
appreciable loss of it m baking. 

Here, then, is an opportunity for the 
baking industry to^mprove still further 
the nutritive qualities of the staff of life 
Once these methods of restoring a lost 
vitamin to bread are on a satisfactory 
economical basis, they deserve wide adop¬ 
tion Such methods will not make bread 
a perfect food, but they will enhance its 
dietary values 

Research in the Baking Industry 

Since the baking industry is a local 
service industry, comprised of a large 
number of small companies, and since 
there are relatively few big concerns with 
adequate facilities for laboratory investi¬ 
gations, research in the field of baking 
technology is primarily the duty of the 
organized industry itself Such research 
IS undertaken by the American Institute 
of Baking, the scientific and educational 
agency of this food industry, at its lab¬ 
oratories m Chicago 

Among the important problems that 
have received attention and are now 
being investigated are improvement of 
the quality of the loaf through the use 
of baking pans of proper dimensions, the 
prevention or postponement of the ap¬ 
parently inevitable staling of bread, the 
improvement of bread flavor; the sani¬ 
tary protection of custard and cream- 
filled baked goods by pasteurization and 
other methods; the chemical and physical 
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properties of dough; the cooling and 
wrapping of bread; photo-electric meth¬ 
ods for determining the characteristics 
and quality of bread crumb; and means 
of scoring and tasting bread ^ 

A recent advancement in the labora¬ 
tories of the American Institute of Bak¬ 
ing has been the development of a suc¬ 
cessful process of preserving bread by 
freezing ^ While this device has not yet 
received much practical application in 
ordinary commercial usage, it is being 
considered for such purposes, and the 
process might assume real importance in 
time of war 

In addition to the studies on baking 
technology conducted by the institute 
itself under the able direction of Dr W 
H Cathcart, the department of nutrition 
of the American Institute of Baking has 
made available grants for research fel¬ 
lowships at leading universities for stud¬ 
ies on the nutritional aspects of bread 
and bakery products Such fellowships 
have been established at the Massachu¬ 
setts Institute of Technology under Pro¬ 
fessor S C Prescott, and at Columbia 
University under the direction of Profes¬ 
sor Henry C Sherman These ivestiga- 
tions and others of a similar nature will 
be concerned with the chemical, biochem¬ 
ical and biological properties of bread 
and their influence on human nutrition 

Bread in National Nutrition 

The improvements in the dietary and 
gustatory qualities of bread and bakery 
products that have been achieved and are 
being accomplished are of distinct sig- 
niflcance to our national nutrition As 
a necessary foundation for the protective 
foods, the energy-giving food, bread, may 
properly constitute as much as 40 per 
cent of the calories in a well-balanced 
daily diet 

> W H Cathcart, Am Baking Asn. Mo Bull, 
March, 1938 

* W. H. Cathcart and 8. V Luber, Ind and 
Bng Chem, 31: 362, March, 1939 


The amount of bread used in our na¬ 
tional diet is, however, considerably be¬ 
low its normal and proper quota Al¬ 
though approximately ten billion loaves 
of bread are produced annually in this 
country, the people could advantageously 
consume fifteen billion loaves Such an 
increase not only would be sound accord¬ 
ing to the premises of the newer or new¬ 
est knowledge of nutrition, but it would 
have far-reachmg economic effects If, 
for example, every person m the United 
States consumed one extra slice of bread 
a day, it would require the production 
of an additional 9,000,000 barrels of flour 
every year, and the problem of the wheat 
surplus would be solved 

The nature of the American diet has 
been changing m recent years Some of 
these changes have been beneficial, while 
others have been detrimental The re¬ 
sult IS a national dietary that is superior 
to our fare of a generation ago, but is still 
below the accepted standards for ade¬ 
quate nutrition It does not even ap¬ 
proach the optimal nutrition that is such 
a potent factor in buoyant health 

Among the improvements in our na¬ 
tional diet have been increases in the con¬ 
sumption of pure milk and other dairy 
products, and of fruits and vegetables, 
both fresh and canned Opposed to these 
favorable influences has been a tremen¬ 
dous increase in our use of raw sugar, 
from about 70 pounds per capita in 1900 
to 110 pounds to-day Also opposed to 
the beneficial increments m some of the 
protective foods has been a decrease in 
the consumption of such valuable energy 
and tissue-building foods as bread, meat 
and potatoes 

Recent surveys by government authori¬ 
ties have shown that the diet of the aver¬ 
age American is frequently deficient in 
calcium, iron and vitamins A, Bi and C ° 
In order to overcome these defects, the 
daily diet of every normal person should 

5 H K Stiebehng and E F. Phipard, Giro No. 
607, U 8 Dept Agr, January, 1939 
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be built around such protective and 
energy-giving foods as milk, bread and 
butter, eggs, fruits, green leafy vege¬ 
tables, yellow and red vegetables, pota¬ 
toes and meat. 

In order to improve the American diet, 
there is necessary a substantial increase 
in our national consumption of pasteur¬ 
ized or certified milk and other dairy 
products, bread and cereals, fruits and 
vegetables, and meat and potatoes, with 
less emphasis on the pure carbohydrates 
that are devoid of minerals, proteins and 
vitamins 


Good bread is the foundation of every 
well-balanced daily diet. Modem bread 
is superior to that of the past, and the 
bread of American bakers is now the best 
in the world Baking technology is con¬ 
stantly striving to improve the quality of 
bread and bakery products, and is suc¬ 
ceeding in making them even better. The 
American baking mdustry recognizes its 
responsibilities as the purveyor of a 
wholesome nutritious commodity that is 
essential to the welfare of the people It 
proposes to discharge that responsibility 
to the best of its ability. 


ARISTOTLE AND THE SCIENTIFIC METHOD 

By RUFUS SUTER 

LIBRARY or CONGRESS 


I 

One who crosses the Charles River 
from Boston to Cambridge will see writ¬ 
ten across a building of the Massachu¬ 
setts Institute of Technology the word. 
ARISTOTLE It IS an extraordinary tribute 
to “The Philosopher,” as Thomas Aqui¬ 
nas called him, that his name should still 
appear in the stone of a school represen¬ 
tative of the most modem of modern 
cultures 

The man of to-day, nevertheless, may 
have only a hazy notion of who Aristotle 
was He was the ancient Greek, every¬ 
body remembers, who misled the astrono¬ 
mers for centuries by lending his au¬ 
thority to the idea that the stars, sun and 
planets travel daily (as they seem to) 
round the earth He also blocked prog¬ 
ress in physics, according to a common 
but historically inaccurate opinion, by 
championing the common-sense notion 
that freely falling bodies drop with a 
speed proportional to their weight This 
much, if we do not exaggerate, is the gist 
of the modern man’s recollection of Aris¬ 
totle But then why should his name be 


celebrated in the stone of the Massachu¬ 
setts Institute of Technology t 

If we are to resolve this curious para¬ 
dox we must first recall that Aristotle 
was early. We are accustomed to think 
of the time separating us from 1610, 
when the greatest modern adversary of 
“The Philosopher,” Galileo, pointed his 
telescope at Jupiter, as long The time 
IS long, in a sense, for 1610 carries us 
before the United States, pendulum 
clocks and gas lights But the interval 
between 1939 and 1610 is only a few days 
in contrast with the lapse of time sepa¬ 
rating us from Aristotle Even the thir¬ 
teenth century, when the Polos made 
their amazing journeys to Cathay and 
Thomas Aquinas effected the final syn¬ 
thesis of the Peripatetic philosophy with 
Christian revelation, is little less than a 
quarter of the period to the original Peri¬ 
patetic We must travel before the be¬ 
ginnings of Islam, the preserver of the 
Aristotelian tradition when it was forgot¬ 
ten by the Europeans But even this era 
IS a thousand years later than Aristotle. 
In our journey we must leave the Middle 
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Ages behind us; pass the wild years 
when the Goths were sweeping down out 
of the north and giving the final blow to 
the Roman Empire; pass the day when 
Jesus was bom in Asia Minor, whose sim¬ 
ple maxims were to be made tremen¬ 
dously recondite by their incorporation 
in the teachings of “The Prince of them 
that know,“ as “The Philosopher’^ was 
called by Dante We must pass some 
great names of Roman literature, like 
Cicero, who introduced Aristotelian 
philosophical terms into Latin, and 
thence into the modern languages de¬ 
rived from Latin: for instance, species 
from the Greek eidos We must, indeed, 
travel before the days when Rome was 
an empire At last we will come to Alex¬ 
ander the Great, the Macedonian who 
founded an empire before the glory that 
was Rome Alexander in his boyhood 
was the pupil of Aristotle 

We have sketched this outline of some 
outstanding events in the past because we 
wished to make it vivid that Aristotle was 
early To appreciate this is important if 
we are to comprehend why he has domi¬ 
nated European thought He is to us 
what Confucius (if we may draw a paral¬ 
lel with the spiritual father of a people 
much discussed to-day) was to the Chi¬ 
nese. We have in both these men—Aris¬ 
totle and Confucius—instructive exam¬ 
ples of powerful intellects flourishing at 
the beginnings of civilizations, and thus 
able to be the fountainheads from which 
subsequent culture flowed. 

The contrast between Aristotle and 
Confucius IS also instructive In the ori¬ 
ental sage we And the archetype of a cast 
of mind often characteristic of the grave, 
ceremonious literati of China Fre¬ 
quently holders of official position, they 
tended, like most serious men whose con¬ 
cern has been with the state, to regard 
the deepest knowledge as insight into 
morals, or as having its justification in 
the development of character. 


This moralistic view of the nature and 
use of knowledge is also to be found in 
Aristotle The noblest man is he who 
understands and habitually practices the 
virtues But in the thought of the Greek 
philosopher is a type of knowledge 
nobler, as it were, than the noblest. 
This activity has no connection with 
morals, the state or society It does not 
derive its sanction from its capacity to 
develop character or citizenship. Here 
man, forgetting himself and his political 
and economic problems, broods over a 
reality essentially non-human In this 
impractical turn to the Aristotelian 
mood, the west found her justification for 
concern with questions unrelated to the 
welfare of the human-race The com¬ 
mentators on “The Philosopher” could 
investigate reality for theoretical reasons, 
and remain respectable citizens 
Another instructive contrast between 
the Greek thinker and Confucius is that 
the impetus which each man gave his re¬ 
spective civilization has led in different 
directions The Confucian Classics are 
recensions of earlier works dealing 
mostly with history, ritual, political and 
social science and ethics The resultant 
intellectual tradition has, accordingly, 
been humanistic The technique of tex¬ 
tual criticism was elaborated to a fine 
point, but aside from this the concern 
with the Confucian Classics of many 
generations of scholars gave birth to no 
consciousness of the scientific method 
Aristotle’s contribution to the world, 
on the other hand, was his awareness of 
inference This was a startlingly orig¬ 
inal appreciation, nor can one admire too 
strongly the mind which first became 
fully self-conscious here To see clearly, 
for example, m the abstract, that if x is 
j/, and z is rr, then z is a stroke of 
genius The insight was as remarkable 
as that of the man who first saw, in 
the abstract, that 2 + 2 = 4 The word 
“syllogism,” in fact, given by Aristotle 
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to his three-step brand of inference, is 
the Greek equivalent of the Latin com¬ 
pute but whereas ‘^to compute*' has 
come to mean ‘‘to think together" num¬ 
bers or letters standing for them, 
“syllogism" IS used exclusively for the 
“thinking together" of concepts such as 
“man" or “mortal," or letters or other 
symbols representing them. In Aris¬ 
totle's appreciation is contained the 
notion of logical system 

We now have two hints of why Aris¬ 
totle prepared the way for the birth and 
growth of science. The authority of his 
example made socially permissible a 
disinterested interest in the universe, an 
interest unprompted by political, social, 
religious or ethical bias, and under his 
tutelage the generations of scholars be¬ 
came more and more devoted to the ideal 
of thinking systematically 

We have, on the one hand, starting 
with “The Philosopher," the notion that 
pure science, science preoccupied with 
reality for its own sake, is worthy of the 
best type of intellect, and we have, on 
the other hand, also starting with “The 
Philosopher," the idea that genuine 
knowledge must be systematic Now if 
we remember that for centuries, indeed 
until the consciousness of the scientific 
method fully dawned upon Europe with 
the advent of Galileo, the function of 
students was to mull over the Aristotelian 
writings (as, for centuries, the business 
of the scholars in China was to comment 
on the Confucian Classics) we will not 
be surpised that Aristotle moulded the 
western mind 

II 

The nerve of our argument is that 
practise in thinking systematically was 
a condition of science This is rarely 
noted to-day because we usually think 
of the scientific method in only one of its 
aspects; its empiricism, the importance 
of which was taught to us by Galileo We 


tend to set it in contrast to the syllogiz¬ 
ing, highly systematic mode of thought 
of our medieval ancestors. This lack of 
emphasis, however, is a case of the com¬ 
mon failure to see the obvious. Before 
concluding we must make clear why the 
factor of system was as essential to sci¬ 
ence as the factor of experiment and ob¬ 
servation 

Even the most distasteful to us of the 
activities of the medieval schoolmen— 
their indefatigable logic-chopping—^had 
its value It afforded experience in a 
heroic effort to get all knowledge into 
such shape thal^he propositions contain¬ 
ing it could be seen to be interconnected 
in the way of premises and conclusions 
But this form of thought (and this is 
what we wish to emphasize), if it is not 
to be hallucination, must presuppose a 
certain view about the form of the uni¬ 
verse, the object which thought is as¬ 
sumed to fit The world itself, in other 
words, must be systematic If the syllo¬ 
gism X IS 2 /, z IS Xy therefore z is y, is 
valid reasoning, and if valid reasoning is 
to hold true of nature, then granted that 
X IS y, m the world, and that z %s x, z 
must also be y in the world For exam¬ 
ple if all stars are suns, and if Arcturus 
IS a star, then Arcturus is a sun, not 
only as a matter of valid reasoning for 
thought, but also as a matter of scientific 
fact m the universe 

Here we have shown that logically, if 
reasoning is to hold true of nature, na¬ 
ture must be conceived as fitting into 
the pattern of reasoning But what is 
important for our purposes is not this 
logical point, interesting as it is, but 
rather a historical point The recog¬ 
nition among the Peripatetics that the 
world IS orderly came historically as a 
result of their concern with the system¬ 
atic character of thought Nature, ex¬ 
cept in very broad outlines, does not 
impress us at first with her orderliness. 
Instead she seems, more often than not, 
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fitful, arbitrary, unintelligible She has 
appeared to man, in the remote past, as a 
kind of other-self, or other-will, opposing 
his own, and as irrational as he. For 
ages, perhaps, anthropomorphic qual¬ 
ities—desire to thwart, benevolence, 
unfairness, justice—^were more naturally 
attributed to her than the utterly de¬ 
humanized character of abstract system. 
Hence it was not insight into the order¬ 
liness of external reality which produced 
in the worshippers of Aristotle the idea 
that thought must be systematic It 
was, instead, the centuries of logic¬ 
chopping, inspired by ‘^The Philos¬ 
opher,which made the idea that the 
universe is orderly gradually become in¬ 
stinctive to the western mind. 

It may seem ridiculous that so inescap¬ 
able a pattern as the syllogism should im¬ 
ply anything significant about reality 
It 18 as if we should say that since we can 
conclude from ‘*No circles are squares^’ 
that therefore ‘‘No squares are circles,’’ 
we know something important about 
order in nature The fact is that even 
from such pre-syllogistic types of infer¬ 
ence, we can conclude something impor¬ 
tant Granted that the syllogism is 
utterly, obviously inescapable—as ines¬ 
capable as this instance of immediate 
inference we have given, that the world 
IS describable by it nonetheless signifies 
order, an inescapable order, if you like, 
but still order It is to the credit of the 
Peripatetics that they educated Europe 
to this harmless, indubitably true, ab¬ 
surdly basic conception of the orderliness 
of nature Here is the ground uprooted 
of all superstition, of all mystical orna¬ 
mentation, of all religious and sociologi¬ 
cal bias, indeed of all specific and possibly 
disconcerting or irrelevant content what¬ 
soever, in which the seed of empiricism, 
once Galileo had planted it, could take 
root and grow into the fully blooming 
scientific method If the acutest scien¬ 
tists had deliberately planned the history 


of thought to make it finally productive 
of the scientific method, they could not 
have done better 

It IS important that we grasp the im¬ 
mense val ue for science of this bare, 
non-committal, inescapable character of 
the orderliness of nature which was re¬ 
flected from the syllogism Other brands 
of orderliness are conceivable, and indeed 
have held sway over the minds of men for 
long periods That they have been bar¬ 
ren m so far as the production of scien¬ 
tific method is concerned, even during 
ages when men knew how to observe and 
experiment, was invariably because they 
included some reference to an irrelevant 
element which misled the minds of the 
investigators For instance, men have 
supposed that the events on the earth 
were the result of events m the sky— 
new stars, solar and lunar eclipses, 
meteors and comets Again they have 
imagined that the happenings and fea¬ 
tures of natural objects and living crea¬ 
tures in the world are symbols of various 
moral concepts and of ideals in the mind 
of God Likewise they have made in¬ 
numerable attempts to explain the 
phenomena of nature through ingenious 
but arbitrary parallelisms, such as that 
the number 5 is significant, and that 
therefore there are 5 elements, 5 planets, 
5 directions, 5 virtues, 5 openings in the 
face, etc All these schematisms, al¬ 
though they provide system in a sense, 
were too specific They could, in some 
cases, under the creative power of extra¬ 
ordinarily brilliant minds, produce ex¬ 
cellent mythology, cosmic epic poetry, 
rules of conduct and statutes to guarantee 
the permanency of the state, but they 
could not produce science The scien¬ 
tific method required a premise in which 
nothing specific was asserted about the 
way in which the orderliness of nature 
expresses itself. The discovery of the 
way must be left to the researches of the 
observers and experimenters, who had 
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no axe—save ouriosity—to grind, All 
that could be assumed beforehand was 
the fact of orderliness; and this the syllo¬ 
gism was able to reflect, since its form u 
order. 

We could also mention here—if the 
consideration did not lead us too far 
afield—that the form reflected into 
nature from the syllogism is simpler and 
more basic than the order arising from 
the idea of the relation of cause and 
effect, at any rate m some meanings of 
“cause” and “effect.” These concepts 
easily become as specific as the pre-scien- 
tific notions of order we have listed. 
That causality is a “push,” an effort, an 
expenditure of energy, for example, is 
not unlike the notion that order is a sym¬ 
bol of a virtue. The difference is that the 
former theory has as its context a mecha¬ 
nistic mythology, whereas the latter has 
as its context a theological mythology 
The former theory, although for a while 
it actually was helpful to science, eventu¬ 
ally became a liability But this consid¬ 
eration IS beyond our present scope. 
What is important for us to rememW 
IS that the conception of order prolific for 
science was merely the conception of 
order, and nothing more. 

In conclusion we must say a word 


about the relation of pure leienee, the 
duunterested curiosity to lay bare the 
specific embodiments of Qrstem in na¬ 
ture, to applied science. The Massachu¬ 
setts Institute of Technology descends 
from Aristotle. This was our thesis. 
But thus far we have only been busied 
with showing that the possibility of pure 
science was conditioned in part by cen¬ 
turies of mulling over the systematic 
Aristotelian philosophy, whereas the 
Massachusetts Institute of Technology is 
a monument to applied science. The 
transition is easy. Once a law of nature 
IS expos^, some practical man is certain 
to perceive its relevance to engineering. 
The practical application is naturally the 
final step in intellectual movement, where 
practical application is conceived as a 
large, wholesale, far-sighted, deliberate 
process, as it is for modern industrial 
science 

Thus, last is the Massachusetts Insti¬ 
tute of Technology. Earlier is the 
brilliant age of dawning pure science: 
the period of Newton, Boyle, Galileo, 
Kepler Earlier still is the preparatory 
era* the age of scholasticism and of its 
Peripatetic precursors in Islam and the 
late Roman Empire. Then, first is 
Aristotle. 





BOOKS ON SCIENCE FOR LAYMEN 


GONE WITH WIND AND WATERS 

Wb have here a thorough scrutiny of 
the problem of soil erosion on all conti¬ 
nents The authors, both British, are 
competent professional students of soil 
They are also, like large numbers of their 
scientific colleagues in the British Isles, 
keenly aware of the social implications 
and responsibilities of science. So far 
as their political attitude comes to light, 
it is unsentimental Yet nothing more 
deeply disturbing than this book, even 
among American writings on soil erosion, 
has appeared 

The factual account of soil destruction, 
continent by continent, is reenforced by 
a picture of its effect on the lives of 
human beings. No doubt remains re¬ 
garding the operation of soil erosion as 
a major factor in human history And 
the reader, after learning of the situa¬ 
tion in Africa, Australia, Asia and the 
Americas, has little trouble in agreeing 
that man is in for a race against time 
to preserve one of the foundations of his 
social structure. Correctly, the world¬ 
wide mischief is attributed to the ex¬ 
ploitation which has accompanied the 
floweriijg of western Europe, itself 
largely immune to the worse types of 
soil erosion Incidentally, it is the n»- 
viewer’s opinion that one can not under¬ 
stand the present plight of Europe itself 
without considering it a vast metropolis 
which for three hundred years has util¬ 
ized the rest of the world as hinterland 
Less accurate, perhaps, is the authoi*s’ 
statement that the mis(?hief is due to the 
spread of a system of land use which 
worked well enough under European 
conditions, but which could not work 
elsewhere In effect, the authors else¬ 
where qualify this statement, yet it is 
a clue to the least satisfactory phase of 
I Vanishing Lands By B. 0. Whyte and G V 
Jaidu. Uluttrated. xvi+8S2pp. $4.00. Double¬ 
day, Doran and Company. 


their report For they quite ignore the 
contrast between Teutonic patterns of 
land use and management in this coun¬ 
try and those of British origin. The 
fonner have generally resulted in a min¬ 
imum of destruction, the latter have 
been highly exploitive and dangerous 
One of the most practical approaches 
to our problem here lies m a study of 
the many communities, largely German, 
Dutch and Scandinavian, m which a 
well-balanced relation has been mam- 
tamed for long periods of time The 
picture IS black enough, God knows, but 
not wholly so. 

Students of population problems will 
search m vain for suggestions of improve¬ 
ment through birth-control Wliile ad¬ 
mitting that erosion arises from popula¬ 
tion pressure, the anthoi's insist that hope 
lies in still more acute pressure of this 
sort, enforcing respect for land Japan 
and Java are cited as examples The 
reviewer must beg to remain not wholly 
convinced, quite apart from the question 
of wars and olher social conflicts which 
attend readjustments through sheer hu¬ 
man pressure 

Of particular interest is the discussion 
of political and social consequences with 
which Mr Jacks concludes the volume. 
For Africa, a humane type of feudalism, 
with the blacks anchored to the land 
under white supervision, is suggested 
Much is made, and rightly, of the re¬ 
semblances and contrasts between Rassia 
and the United States The authors are 
convinced of the growing need for collec¬ 
tivism everywhere. On the whole, they 
seem inclined to prefer the rather blun¬ 
dering and deliberate democratic ap¬ 
proach, which is getting under way here, 
to the more violent and Utopian pattern 
in Soviet Russia. 

The technological improvements which 
have been developed, largely in this coun¬ 
try, are discussed intelligently and in 
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considerable detail The lole of e<luca- 
tion, however, is passed, except in con¬ 
nection with the proposed new feudalism 
for Africa, and one misses the name of 
Hugh Bennett, apostle of conservation, 
in the index After all, the American 
way of living is remarkably flexible in 
meeting emergencieh, once the people are 
made to undei*stand that emergency ex¬ 
ists Public information is a most vital 
link m erosion control. 

There is a growing group, both among 
extreme radicals and their mortal ene¬ 
mies, the industrialists, which might be 
called Neo-seientist Tacitly it is as¬ 
sumed to speak for all scientists This 
group pins faith on the multiplication ot 
inventions and devices and builds on the 
Marxian idea that rural life is a foim of 
folly and urban comfort the only wisdom 
In contrast, this book starts squarel}" on 
the assumption that soil is the basis of 
civilized life, and that Jiuman ecology, 
as a source of pei*spe<*ti\e, is one of the 
most uigeul needs of mankind By in¬ 
ference, conservation is less a teidinique 
than an attitude 

The struggle between those who would 
live with the soil and those who would 
live off of it IS perennial m human his- 
torj^ nor is it by an\ means nearl.\ at an 
end Meanwhile we are obliged to agree 
with the authors of this important book 
that the present emphasis on natioiialisni 
is not wholly a cuise, tor it is everywlieie 
rubbing the soiled noses of men into the 
cleanly soil 

Paul B Sears 

CLASSICS OF GEOLOGY* 

Geologists tiequeiilly temper their 
confessions of ignorance with the state¬ 
ment that then>» is a young science If 
seekers for information reply by men¬ 
tioning Avicenna (980-1037), Avempace 
(d 1138) and Leonardo (1452-1519), 
that argument seems to crumble. How 
can a science be young when its roots go 
back almost a thousand yeai*s? 

1 A Source Bool in Geology By Kirtley F. 
Mather and Shirley L Matson xx)i + 702 pp 
$5.00 MoGraw Hill Book Company. 


This book answeiN that question: the 
“roots’' were no more than sporadic 
flashes which led to nothing. No one 
pui*sued Avicenna’s outline of mountain 
building, Avempace touched upon the 
earth only incidentally, Leonardo’s note¬ 
books were not published until long after 
his deatJi The fact that he had no im¬ 
mediate influence is shown by the lack 
of any sixteenth century wTitcr who ap¬ 
plied Leonardo’s ideas concerning fos¬ 
sils, the salinity of the sea and sedimen¬ 
tation Indeed, the (•ontnbutioiis of six¬ 
teenth and seventeenth century writers 
combined fill only 40 pages in this vol¬ 
ume, while those of eighteenth-centuiy 
w^oikeis fill 117 pages The remainder 
of the book (524 pages) traces the growth 
and specialization of earth science during 
the nineteenth century 

This means that geology, as geology, 
IS barely 140 yeai sold In spite of this, 
some of its most model n phases date back 
to early years Thus Sir James Hall 
studied molten rock in the laboratory be¬ 
fore 1805 and made marble m 1811 or 
1812 Nicol (lescrjb(*d his well-known 
pi ism for the microscope in 1829, and 
James Hall ot Albany advanced the con¬ 
cept of geosy^nclines in 1857 Even the 
planetesimaJ hypothesis, which has barely 
begun to displace Lapiaceism in popular 
thouglit, was clearly stated by Chamber¬ 
lin ami Moulton almost 35 years ago 

These are a few^ of the high lights in a 
book which, in itself, presents the high 
lights of published geology' during four 
centuries A total of 126 authors are 
piesented—some through papers which 
have been foigotten, even though their 
substance appears in almost every geo¬ 
logic text-book. Outstanding examples 
are Babbage’s account of the temple of 
Jupiter Serapis and G P Marsh’s dis¬ 
cussion of the relationship between de¬ 
forestation and floods Even more sig¬ 
nificant IS Agassiz’s summary of evidence 
for a glacial age, translated from a book 
published while lie W'as professor at 
Neuchatel 

In shoit, this ‘‘Source Book” presents 
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a detailed, as well as a well-rounded, 
survey of a relatively new science that 
already has forjrotten much of its history 
By bringings important yet relatively ob¬ 
scure papei’s to light, it also provides 
materials for histones of geology that are 
>et to be wiitten. 

C L F 

THE ORIGIN OF LIFE^ 

The book, which is devoted to a de¬ 
scription of studies of artificial non-liv- 
iiig systems showing a faint resemblance 
to accepted living organisms, is divided 
into four sections, the opening one of 
which IS called “The First Approach 
Vital Growth and Oystallization “ The 
forces involved in crystallization have 
long interested both scientists and lay¬ 
men and are invariably invoked when¬ 
ever life processes are under discussion, 
hence, they may rightfully be included 
in the subject-matter of a book on the 
origin of life The author compaies the 
growth of crystals with tliat of organisms 
and concludes that the two have common 
features Unfortunately, emphasis has 
been placed on a description of the many 
forms wdiich may result from the forces 
of ciystallization, and but little is said 
concerning the nature of the forces and 
their possible role in life processes 

The sScond section, titled, “The Sec¬ 
ond Approach liife. Carbon’s Outstand¬ 
ing Property,” is concerned with the de¬ 
velopment of chemistry, some elemen¬ 
tary chemical facts and some of the re¬ 
cent chemical work on viruses There 
is included a two-page discussion of the 
origin of life on the earth and a ten-page 
survey of Oparin’s b<iok entitled “The 
Origin of Life ” The ideas expressed 
by the author and by Oparin are very 
similar and appear to differ m only one 
fundamental point It is stated that 
“the essential feature of Oparin’s hy¬ 
pothesis IS that structural units with a 
remote resemblance to living organisms 
were first formed from the organic mat- 

1 Lifers Beginning on the Earths By R Brut 
uer illustrated x + 222 pp $3 00 Williams 
and Wilkins Company. 


ter of the early ocean and that subse¬ 
quently enzymes formed in them . 
whereas the author expresses the view 
“that the hfe-produeing enzymes were 
the first to appear, through the action of 
electric discharges, without any structure 
around them—as self-regenerative en¬ 
zymes Later only, a structure was built 
up around them ” The latter are 
assumed to have properties somewhat 
similar to those ascribed to viruses, and 
the recent work on the isolation of cer¬ 
tain viruses in the form of high molecu¬ 
lar weight nucleoproteins is cited as evi¬ 
dence for the probability of such a se¬ 
quence of events In view of the 
important role played by viruses in the 
author’s theory, it would have been well 
to have included a short exposition of 
the view-point held by many that viruses 
arose not abiogenetically but from living 
organisms by some degradatory process 
Furthermore, the emphasis which is 
placed upon the carbon compounds could 
have been concentrated on the protein 
molecule with gi eater propriety 

In the third section entitled, “The 
Third Approach The Importance of Salt 
and Water for Life and Growth,” the 
author shows how the blood of animals 
may have been developed m early evolu¬ 
tion from the ocean, which he refers to 
as the cradle of life The last section, 
“The Fourth Approach The Animal a 
Machine,” serves to describe various ar¬ 
tificial systems which simulate in one 
w^ay or another certain activities of liv¬ 
ing organisms As a whole the subject- 
matter of the book is not well integrated 
and there is much that is not relevant 
It IS unfortunate that there are some 
misstatements which will probably irri¬ 
tate the scientist and mislead the layman 
The book is not so much a discussion of 
life’s beginning on earth as it is a record 
of the author’s extensive interests and 
experience, both as an experimenter and 
as a student of the lit-erature, and as such 
it may be recommended to the mterested 
reader 

W M Stanley 
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HARVEY CUSHING 

Harvey Cushing, renowned physician 
and neurological surgeon, came as the 
fourth in line of a New England family 
of doctors who had settled in the West¬ 
ern Reserve early in the last (*entury 
Grandson of Erastus Cushing, M D 
(1802-1893), and son of Henry K Cush¬ 
ing, MD (1827-1910), Harvey Cushing 
was born in Cleveland, Ohio, on April 8, 
1869, he received his B A degree from 
Yale College in 1891 and his M D degree 
from Harvard m 1895 After serving as 
surgical house pupil at the Massachusetts 
General Hospital under J. W Elliot dur¬ 
ing 1895-1896, he had four additional 
years of surgical training under William 
S Halsted, the professor of surgery at 
Johns Hopkins University He tlien 
spent a year in Europe, during winch 
tune he studied under the physiologist 
Hugo Kroneeker at Berne and later 
under Charles Sherrington in Liverpool, 
in 1901 he returned to the United States 
to take up a surgical career at Johns 
Hopkins Called to Harvard in 1912, he 
assumed his duties ni Boston as Moseley 
professor of surgery and surgeon-in-chief 
ot the Peter Bent Brigham Hospital in 
1913 Shortly after the beginning of the 
World War, he organized a surgical unit 
which he later took to France (March 18, 
1916), where he stayed with one brief in¬ 
terruption until April, 1919 After his 
retirement from the Harvard chair in 
1932, he came again to Yale to occupy a 
new Sterling professorship of neurology 
created for him in the School of Medi¬ 
cine , in 1937, he became professor emeri¬ 
tus and received the title of director of 
studies in the history of medicine 

Harvey Cushing was widely known in 
three distinct capacities—as a great phy¬ 
sician, as the founder of a school of neu¬ 
rosurgery and as a humanist of unusual 
literary attainment When his seventieth 


AN APPRECIATION 

birthday was celebrated in April, 1939, 
the New England Journal of Medicine 
wrote m an editorial “The world at 
large will also be thinking of this great 
figure in American medicine, perhaps the 
foremost physician produced bv the 
United States ’’ 

Dr Cushing prided himself upon 
being, first of all, a physician—a “good 
doctor “ For him surgery was merely a 
form of therapy, and the primary respon¬ 
sibility of every man who entered the 
surgical field was to make himself at the 
outset thoroughly competent in the 
science as well as in the art of general 
medicine In this he took inspiration 
from the example of his distinguished 
teacher, William Osier, whose biography 
he ultimately jirepared In clinical medi¬ 
cine, Cushing made many pioneer contri¬ 
butions He was one of the earliest in 
this country to appreciate the importance 
of the x-ray, his first scientific paper com¬ 
municated to the Johns Hopkins Medical 
Society on May 3, 1897, being devoted to 
this subject He was also the first to in¬ 
ti od vice the use of blood-pressure deter¬ 
minations in the United States (1901), 
and was an early advocate of the impor¬ 
tance of studying the basal metabolic 
rate Late in his clinical career (1932), 
he described a new clinical entity, “pitu¬ 
itary basophilism,” which is now known 
eponymically as “Cushing’s disease ” 
In addition to making these individual 
advances, he was a life-long student of 
the diseases of the ductless glands, par¬ 
ticularly those arising from disturbances 
of the pituitary body His monograph 
on the pituitary gland, published in 1912, 
has remained one of the classics of clini¬ 
cal medicine As a physician, he was a 
quick and penetrating observer, always 
preferring the evidence of the five senses 
to that obtained from instruments of pre- 
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cision, and Ins unfailing iiiHiBtence upon 
the completeness of the case record 
earned him the epithet of ‘‘the physician 
of the written word Hia case histones, 
even during his early days as interne at 
the Massachusetts General Haspital, were 
models of completeness, and where the 
written word failed m clarity it was sup¬ 
plemented by a skilful free-hand sketch, 
of which art Cushing was also an accom¬ 
plished master On his seventieth birth¬ 
day it was said of him that his soul, as 
well as his technique of life, was essen¬ 
tially that of an artist ♦ 

Dr Cushing was more widely known 
ill the world at large as the foundei of a 
special field of surgery It is true that 
he created a school of neurological sur¬ 
geons, and from the ends of the earth he 
attracted students who are now carrying 
on, in almost every country of the world, 
something of the high tradition which he 
had established But he did much more 
than establish a school of neurosurgery, 
for he also perpetuated and extended into 
the broader field of general surgery the 
traditions established by Halsted slow 
and painstaking dissection, gentle han¬ 
dling of tissues an<l the universal use of 
silk for closing wounds—^all those things 
have become the creed and ritual of the 
Halsted-Cushing school which, by their 
pupils, especially those of Cushing, have 
been carried into every phase of surgical 
endeavor. In the field of his special in¬ 
terest, the surgery of the nervous system, 
to which he devoted time and attention 
over a peritKl of more than thirty years, 
Cushing introduced innumerable techni¬ 
cal improvements These advances, cul¬ 
minating in the introduction of the 
electrosurgical knife in 1927, made it pos¬ 
sible for the surgeon to enter the human 
brain with as much confidence of success 
as the abdominal sur^on who enters the 
abdomen to remove an appendix The 
majority of these advances in cerebral 
surgery are, by common consent, due to 
the unremitting labor of Harvey Cushing 
alone; indeed, the procedures which he 


has introduced have been adopted wher¬ 
ever neurosurgery is practised His 
scientific contributions in this special 
field include important studies of the 
ph.\siology of the pituitary, the classifi¬ 
cation and details of the life history of 
every form of cerebral tumor, and impor¬ 
tant observations upon the physiology of 
the human brain, the most notable of 
these being the description of the sensory 
concomitants experienced by conscious 
patients during stimulation of the post- 
central convolutions of the brain Cush¬ 
ing also did much toward clarifying vari¬ 
ous clinical entities caused by specific 
lesions of the nervous system, and he is 
credited wuth having crystallized many 
clinical syndromes of neurology 

Finally, Cushing held high the tradi¬ 
tions of the literary physician Prom 
William Oslei he derived an abiding in¬ 
terest in the more cultural phases of 
medicine, medical history, medical art 
and in the origins of our medical institu¬ 
tions The art of wTiting never came 
easily to him, and his early papers can 
scarcely be looked upon as models of lucid 
exposition or fluent prose He “slaved^* 
day and night over the shortest papei, 
and everything he published went 
through countless drafts; and by dint of 
this constant effort he acquired a literar\ 
style that was vivid, characteristic and 
distinguished His ^‘Life of Sir William 
Osier’’ (1925) earned him the Pulitzer 
Prize for biography and some of his 
shorter literary papers, such as his ap¬ 
preciation of Welch on his eightieth 
birthday, and his Lister centenary ad¬ 
dress entitled “Emancipators” (1927), 
stand among the finest pieces of prose in 
our literature Throughout his career as 
a physician, Cushing retained a deep ad¬ 
miration for one of the fathers of the art, 
Andreas Vesalius, founder of modern 
anatomy For forty years he collected 
his works and his most recent literary 
endeavor was the compilation of an ex¬ 
haustive bibliography of the Vesalian 
writings His last published work, how- 
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ever, was a warm-hearted and character¬ 
istically generous appreciation of his col¬ 
leagues in the surgical art, Charles and 
William Mayo (Science, September 8) 

Dr Cushing ^s library of medical and 
scientific classics, which has been be¬ 


queathed to the Yale tlniveraity School 
of Medicine, is one of the finest ever 
brought together bv a private person. 

J F Fttlton. MD 

YALF UnIVFRMT^ HdlOOL 
OF medk INI- 


seventh ASSEMBLY OF THE INTERNATIONAL UNION OF GEODESY 

AND GEOPHYSICS 


Despite disturbed conditions abroad 
and the actual outbreak of war among 
certain of the adhering nations, the Sev¬ 
enth Assembly of the International 
Union of Geodesy and Geophvsics con¬ 
vened in Washington from September 4 
to 15, under the presidency of Dr D la 
Cour of Copenhagen. Denmark, with rep¬ 
resentatives of over 26 nations and a total 
registration of 587 delegates and guests, 
including 116 from foreign countries 
At an early meeting of the executive 


committee, and after consultation with 
the State Department, it N\as decided 
that, with the large number of delegates 
already present and the great amount 
of material to be presented, the scien¬ 
tific aspects oi the Seventh Assembly 
could proceed substantially according to 
the original schedule It i^as voted, how¬ 
ever, 111 view ot the tact that main per¬ 
sons could not be present and certain 
countries, therefore, were not adequately 
represented, tJiat matters of administra- 



DR D LA COUR, OF COPENHAGEN, PRERTDENT OF THE UNION (IIJGHT) 
Center Hoon wilson who read the address of wflcome fob sfc^rftary ulll Left, dr 

( LOYD H MARVIN, PRESIDENT OP OFOROK WASH!NOTON UNTVFRSITY 
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ATTfiNl)ING THE MEETING OF THE INTERNATIONAL UNION OF GEODESY 

Left: CAPTAIN C L OARNEB, OF THE UNITED STATES COAST AND GEODETIC SURVEY, CHAIRMAN OP THE 
COMMITTFE FOR FNTFRTAINMKNT Right DR ROSS O HARRISON, OF YALE UNIVERSITY, REPRESENT¬ 
ING THE NATIONAL RESEARCH COUNCIL 

tion, finance and elections should be 
omitted and the entire attention j?iven to 
the discussion of scientific matters 
In openin^r the formal projrrain, the 
introductory address was j^iven by Dr 
Richard M Field, president of the Amer¬ 
ican Geophysical ITiiion, which was the 
official host for the Seventh Asvsembly of 
the International Union In his address, 

Dr. Field said in part 

, The program of this fte>onth Assombly 
now gathered in Washington concerns itself 
chiefly with those fundamental aspects of the 
sciences of the earth dealing with the problems 
of the earth’s crust, its oceans and its atmos 
phere that can not be solved except by the coop 
eration of many nations to whom are entrusted 
various tcintones of oup^ globe It is only 
through the acquisition of scientific information 
covering the entire surface of the globe that 
many of the basic problems underlying the dy 
namics of th(» earth and of its atmosphere can 
be sohed 


Following the opening remarks of 
President Field, an address of welcome 
by the Honorable Cordell Hull, Secretary 
of State, was read by the Honorable 
Hugh R Wilson, which m part was as 
follows 

Your studies in the fields of seismology, vol¬ 
canology, meteorology, terrestrial magnetism 
and electricity, oceanography and hydrology are 
of daily interest and iinpurtance not only to our 
go\emniental agencies responsible for official 
activities u) those spheres but also to innumer¬ 
able private organizations and individuals whose 
economic existence is dependent upon your ef¬ 
forts Millions of persons throughout the world 
owe in a large measure their comfort and liveli¬ 
hood to your notable contributions to the im¬ 
provement of scientific aids to transportation by 
water, land and air, of building methods de¬ 
signed to minimize danger from earthquakes, of 
agricultural practice's utilizing knowledge of 
surface and subterranean water supplies, of 
geophysical methods of prospecting and of tho 
study of underground foimations 
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The response to the Secretary of State 
was made by Professor S Chapman, 
chairman of the British National Com¬ 
mittee 

A welcome on behalf of science was 
presented by Dr Frank B Jewett, presi¬ 
dent of the National Academy of 
Sciences. Significant amoii^ Dr Jewett’s 
remarks are the following 

Whatever the future has in store for the world 
and its inhabitants, it is, 1 think, safe to say 
that every increment to our store of real knowl¬ 
edge IS potentially an increment added to a 
better way of life It may be a long way off, 
but the possibility of its attainment justifies our 
continuing the quest The field you represent is 
one of the most important in the whole domain 
because it is concerned with the very foundation 
on which all else rests 

On behalf therefore not only of the National 
Academy of Sciences and of ihe National Be 
search Council but of American science in its 
entirety I wish you an outstandingly successful 
conference 


The general meetings of the associa¬ 
tions were marked by the holding of 
man> joint sessions at which important 
symposia dealing with fundamental prob¬ 
lems of the earth and its atmosphere were 
presented The Association of Geodesy, 
for example, joined with the associations 
of Seismology, Meteorology, Physical 
Oceanography and Scientific Hydrology 
to discuss such basic problems as were 
presented in the report of the Commis¬ 
sion on Continents and Ocean Basins 
The Association of Meteorology was 
joined with that of Terrestrial Magnet¬ 
ism and Electricity on September 8, at 
which the president of the Association of 
Meteorology, Professor S Chapman, 
deliveied the presidential address on 
** Atmospheric Tides and Associated Phe¬ 
nomena ” All the meetings of the Union 
emphasized the interpenetration of the 
work of the many associations, as specific 



DELEGATES TO THE GEODESY UNION MEETING 
Left to right dr william bowie, or Washington, acting secretaby-obneral or the inter¬ 
national UNION or geodesy and geophysics, dr R M STEWART, DIRECTOR Or THE DOMINION 
observatory, OTTAWA, CANADA, AND DR. OUSTAr SLETTENMARK, Or STOCKHOLM, SWEDEN, VlCB- 
PRESIDrNT or THE ASSOCIATION OP SCIENTiriC HYDROLOGY 
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problems of the earth sciences invariably 
cross the fields of many workers in the 
conventionally departmentalized lines 
The Commission on Continents and 
Ocean Basins attracted larjje numbers to 
its sessions, occupying: three half-days of 
the Union’s progjram A special session 
on tectonophj SICS attracted attention to 
a new and arrowing: field of importance 
to all investigators in structural geology 
The uplift of land in Fennoscandia was 
presented by W Heiskanen, of Finland, 
^nd the derivations of the viscosity of the 
substrata were discusse<l by F Vening 
Meinesz The problem of the creep of 
rocks was presented from the experi- 
mentiil point of view by D Griggs, while 
the theoretical side of the same problem 
\^as outlined bv R W Goransen The 
consideration of the flow of substrata in 
problems of earth deformation by B 
Gutenberg concluded this session 
There \^ere two distinguished lectures 
of general public interest The first, on 
“Round the World with Geodesy,^’ was 
prepared by Brigadier H St John L 
Winterbotham, General Secretary of the 
Union, but was read by Dr William 
Bowie, ex-president of the International 
Union and General Secretaiy, pro tern 


The second, on “From the Mexican Gulf 
to the Arctic Sea—the Gulf Stream and 
Its Significance,” was delivered by Dr 
Helland-Hansen, of the Geophysical In¬ 
stitute at Bergen, Norway 

A special convocation ^^Rs held at 
George Washington Univei*sity on Sep¬ 
tember 11, at which honorary degrees of 
doctor ot science were conferred upon Dr 
D la Cour of Copenhagen, piesident of 
the International Union, and in absentia 
upon Brigadier H St John L Winter¬ 
botham 

Excursions were conducted to the In¬ 
ternational Latitude Station at Gaithei’s- 
burg, Maryland, the magnetic observa¬ 
tory ot the U S Coast and Geoiletic 
Sui vev at Cheltenham, Mar.^ land, and to 
the Carnegie Institution’s Geophysical 
Laborator.v, and to the Department of 
Terrestrial Magnetism 

An unusual feature of the assembly 
was the excellent exhibit of geophysical 
instruments, charts and models repie- 
senting progress in geophysical explora¬ 
tion, which ^^as arianged under the direc¬ 
tion ot Captain Paul Whitney 

IIaklan T Stethov 

Marhacui BETih Tvstituti 
OF TF( HNOWOGY 


THIRD INTERNATIONAL CONGRESS FOR MICROBIOLOGY 


The Third International Congress for 
Microbiology met in September in New 
York City, under the presidency of Dr 
Thomas M Rivers, director of the Hos¬ 
pital of the Rockefeller Institute In 
spite of the outbreak of hostilities abroad, 
which kept at home about one half of the 
400 foreign scientists who had made their 
arrangements to come to New York, the 
meeting was acclaimed by those who were 
able to attend as notably successful and 
stimulating All agreed that it was a 
worthy successor to the first and second 
congresses, held in 1930 at Pans and in 
1936 at London, which like the present 
congress, were organised under the aus¬ 
pices of the International Association of 


Microbiologists Laigely lesponsible foi 
the splendid spirit of the occasion was the 
determination ot the foreign gioup not 
to let the anxieties of war interfere with 
the business of the congress 

A plan of international s(*ope was for¬ 
mulated with the object of pi eventing 
the reciiiTence of another world-^Mde 
outbreak of influenza, wlin*!) attacked no 
less than one fifth of mankind during the 
last great war In the light of knowledge 
acquired during recent years on this 
worst of pestilences, it may not be too 
much to hope that another epidemic of 
influenza can be checked befoi e it spreads 
beyond the country of its origin This 
will necessitate the closest cooperation 
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between workers Jii all countries, \\ith tlie 
immediate distribution of the strain of 
virus responsible for the outbreak With 
this strain available, public health au¬ 
thorities will be in a position to institute 
preventive measures, such as vaccination, 
in which considerable projrress was re¬ 
ported Of the manv achievements of 
the Conp:ress, the inau<i:uration of this 
plan illustrates, perhaps better than any 
other, the importance for human welfare 
of lettinp: nothing stop scientific investi¬ 
gation, and contrasts the international 
activities of the scientist with the nation¬ 
alistic objectives of the politician 


The official registiation of the Congress 
nas 1,624 Of this number, 250 were 
from abroad, representing 40 countries 
Over 800 were piesent to hear the wel¬ 
coming aildresses of Dr Kivers and of 
the Honorable Pioiello H La Ouardia, 
Mavor of the Citv of New York Sir 
John C G Ledinghain, director of the 
Lister Institute, Ijoiidon, who was presi¬ 
dent of the Second International Con¬ 
gress for Microbiology, responded on be¬ 
half of the official delegates from abroad 
Dr Lewis H Jones, jirofessor emeritus 
of the Univei’sity ot Wisconsin, and Dr 
John L Rice, Commissioner of Health 
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for New York, also spoke On Monday 
evening the Rockefeller Institute enter¬ 
tained 850 at a delightful reception The 
final official social gathering was the ban¬ 
quet on Friday night, which was attended 
by 500 The addresses emphasized very 
well the international character of the 
occasion, for the speakers were represen¬ 
tatives of 10 countries 

The scientific program was divided 
into nine sections, which ran concur¬ 
rently each morning for five days Sev¬ 
eral of the sections were so large that two 
divisions had to be held simultaneously 
In all, 625 papers were scheduled and 
approximately 475 were read, most of the 
remainder being cancelled because of the 
outbreak of war in Europe Three after¬ 
noons were also devoted to 40-rainute lec¬ 
tures of a general nature by men distin¬ 
guished in their respective fields They 
were presented by Dr B 0 Dodge (New 
York), Dr Paul Fildes (London; read 
for him by Sir John C G Ledingham), 
Professor J J van Loghem (Holland), 
Professor John R Marrack (London), 
Dr N H. Swellengrebel (Amsterdam), 
Dr W M Stanley (Princeton) and Pro¬ 
fessor Dr Arne Tiselius (Upsala) A 
colored motion picture, depicting the life¬ 
cycle of the woiHltick, Dermacentor an- 
dersom, which was made at the Rocky 
Mountain Spotted Fever Laboratory at 
Hamilton, Montana, bv members of the 
United States Public Health Service, was 
shown on the final afternoon of the ses¬ 
sions 

It is not possible to deal here in detail 
with any of the many papers given at the 
Congress It is feasible, however, to dis¬ 
cuss the general trend of the scientific 
work presented can be accom¬ 

plished best by considering each of the 
nine sections separately 

Oeneral Biology Variation and Tax¬ 
onomy (4 sessions, 51 papers scheduled) 
The discussion of the as yet unclassified, 
filterable microorganisms, including those 
of the pleuropneumonia group, was one 
of the most interesting of the Congress 


The study of these recently discovered 
organisms, which seem to fall between the 
bacteria and the filterable viruses, is rap¬ 
idly yielding a new insight into bacterial 
enzyme-systems and their significance in 
parasitism. The complications which 
variation introduces into the classifica¬ 
tion of bacteria and fungi were also con¬ 
sidered 

Oeneral Biology: Microhiological 
Chemistry and Physiology (5 sessions, 
64 papers scheduled) The entrance of 
the chemist into the field of bacteriology 
has led already to the accumulation of 
a vast amount of information on the 
metabolism of microorganisms, and the 
acceleration of activity m this borderland 
continues at a bewildering pace Bacte¬ 
ria lend themselves particularly well for 
investigations of the essential growth sub¬ 
stances required by cells, and the knowl¬ 
edge of these bacterial “vitamins’* is 
already of great importance in other 
fields, such as that of animal nutrition 
So, too, do bacteria provide a fine mate¬ 
rial for the investigation of enzymes 

Viruses and Viral Diseases (9 sessions, 
114 papers scheduled) Special interest 
was shown in the sessions dealing with 
the nature and characteristics of viruses, 
as revealed by the newer physical and 
chemical inethixls for analyzing their 
properties, with the relation of viruses 
to tumor formation, and with epidemio¬ 
logical studies of influenza Papers were 
also read on various plant and animal 
viral diseases, including the encephali- 
tides, poliomyelitis, rabies, yellow fever 
and vaccinia 

Rickettsiae and Rickettsial Diseases 
(2 sections, 21 papers scheduled) All 
phases of recent work in this active field 
were discussed, with particular interest 
manifested in the epidemiology, immu- 
nologv and chemotherapy of rickettsial 
diseases 

Protozoology and Parasitology (5 ses¬ 
sions, 60 papers scheduled) The mecha¬ 
nisms of immunity and resistance to 
protozoan and helminth infections occu- 
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pied the attention of two of the sessions, 
while the remainder of the proyrram was 
devoted to a consideration of the para¬ 
sites themselves, particularly to their life¬ 
cycles 

Fungi and Fungous Diseases (7 ses¬ 
sions, 96 papers scheduled) The fact 
that plants suffer from a wide variety of 
bacterial, fungous and viral diseases, 
much as animals do, may come as some¬ 
thing of a surprise to many people 
Nevertheless, such diseases are quite as 
important, perhaps more impoitant in 
their total effect, than the more familiar 
infectious maladies of men and animals 
Indeed, much that is known of the rela¬ 
tionship of infectious agent to host has 
been gamed from the study of plant in¬ 
fections The sessions were devoted to a 
broad consideration of all aspects of the 
host-parasite relationship, from a survey 
of the growth substances required by the 
microorganisms to a consideration of the 
mechanisms of host resistance The sub¬ 
jects of sex, variation and genetics of the 
fungi were taken up at a special session 

Medical and Veterinary Baeterwiogy 
(7 sessions, 85 papers scheduled) The 
study of animal diseases in their natural 
hosts, rather than the study of human 
diseases transferred to alien animal hosts, 
is the approach to the principles of infec¬ 
tion and resistance which is so rapidly 
disclosing information of the greatest 
importance in both the medical and vet¬ 
erinary fields—Whence the joint section 
Chemotherapy, naturally, received much 
attention. The ability to cure infection 
with some of the new chemicals now avail¬ 
able IS little short of miraculous Tuber- 

THE MEETING OF THE AMERICAN 

The centenary celebration of Charles 
Goodyear’s discovery of the vulcanization 
of rubber was a feature of the ninety- 
eighth meeting of the American Chemical 
Society, which took place in Boston from 
September 11 to 15 The program of the 
general meeting of the society was de¬ 
voted to Goodyear’s discovery and its 


culosis, syphilis and the other spirochae- 
toses, diphtheria, plague, enteric infec¬ 
tions, wound infections and streptococcal 
infections came m for consideration 
Agrieulfural and Industrial Microbiol- 
ogy (5 sessions, 68 papers scheduled) 
Various sessions were devoted to the 
microbiology of soil, to dairy bacteriol- 
the bacteriology of water and sew¬ 
age, to foodstuffs and food-spoilage and 
to fermentation, the activity of bacteria 
and fungi which underlies much of the 
great chemical industry 
Immunology (5 sessions, 66 papers 
scheduled) Outstanding in the field of 
immunology has been the recognition of 
the complex factors involved in tissue 
immunity The volume of work on the 
complex chemical substances making up 
the multiple antigenic structure of micro¬ 
organisms has been striking, as have been 
the stimulating researches on the mecha¬ 
nism of immune reactions 

The Congress (*losed formally with a 
business session on September 9, at which 
committee reports w^ere accepted, includ¬ 
ing that of the nomenclature committee 
This group straightened out some of the 
conflicts which have so plagued bacteri¬ 
ologists The Fourth International Con¬ 
gress for Microbiology was scheduled for 
Copenhagen in 1942 The president of 
the International Association of Micro¬ 
biologists winch conducts the congresses 
IS to be elected within the next few 
months bv the principal microbiological 
organization of Denmark 

Georoe Packer Bfrry, M D , 
Professor of Bacteriology 
TTnivfesity op Rochfstfr 

CHEMICAL SOCIETY IN BOSTON 

applications, rubber was also the subject 
for discussion at the subscription dinner, 
which was attended by 965 members and 
which was addressed by Drs P W Litch¬ 
field, Karl T Compton and J B Conant 
The centenary was also marked by an 
exhibit, in which the rubber industry 
participated, arranged by the division of 
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mSTlNGlTlSHED CHEMISTS AT DIRECTORS’ DINNER 

DE CHARLES A KRAUS, PRESIDENT 01* THE SOeiET\ AND DIRECTOR OF CHEMICAL REbFARtH, BROWN 
UNIVERSITY, DR 8AMUFL COl VILLF LIND, PRl'SIDKNT l-LFCT OF THE SOCIFTY AND DFAN OP THE IN¬ 
STITUTE OF TECHNOLOGY, tNlVFRSlTY OF MINNESOTA, AND DR HOBART H WILLARD, PROFESSOR OF 
(’HEMISTRV \T THF UNIVERSITY OF MU HIOAN 

rubber chemistry, tlie ainioiiiiceinent of field, and the action of the Board of 
the Charles Oood.\eai Lectureship to Diiectoi’s to sponsor the nomination of 
stimulate rubber research and to reeofi:- Goodveai for election to the Hall of 
nize outstandinjr conti ibiitions in the Fame The twent^’^-five papers presented 



AT THE SPEAKERS’ TABLE 

P W LITCHFIELD, PRESIDENT OF THE GOODYEAR TIRE AND RUBBER COMPANY, J M BIERER, TOAST¬ 
MASTER AND CHAIRMAN OK THF DINNER, DR JAMES B CONANT, PRESIDENT OF HARVARD UNIVERSITY, 
AND DR KARL T lOMPTON, PRESIDENT OF THE MASSAI HUSFTTS INSTITUTE OF IFCHNOLOOY 
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in the division of rubber ehemiKtry were 
of interest in view of the centenary, 
sixteen wore included m a symposium on 
the vulcanization of rubber, durinj? which 
the use of ajrents other than sulfur in 
vulcanizing were particularly examined 
The possibility of producing ‘‘aitificiar^ 
rubber economically was also dis(*ussed at 
the division meeting, it was suggested 
that butanes and pentanes obtained from 
petroleum niav be converted into buta¬ 
diene and isopiene, the basis of ** artifi¬ 
cial ^ ’ rubber 

Outside the field of rubber research, 
one of the most widely discussed papers 
vas that by Dr George Calingaert, who 
aniiouiK^ed the discovery of a new type 
of chemical reaction By adding certain 
specified catalyzing agents, he tound it 
liossible to ^^eakcn the chemical bonds in 
the molecules of ceitain chemical com¬ 
pounds, and thus to cause reactions be- 
tueen compounds which had hitlierlo 
been considered inert toward each othei 
Parts ot molecules thus become redistrib¬ 
uted in harmony with the laws of prob¬ 
ability rathei than in accordance with 
chemical laws Such “redistribution re¬ 
actions,’’ as thcN have been named, do 
not involve changes in heat, appearance 
or plnsical state, and ouh when the sub¬ 
stances ot a mixluie are separated is it 
possible to determine \>hether neiv com¬ 
pounds have been formed It vas sug¬ 
gested that tins newly discovered type ot 
chemical reaction may be lesponsible lor 
such hitheito unexi>lained processes as 
the aging ot Ji(|uors A wide range of 
applications in indnstiy is foreseen, the 
elimination ot inteimediate steps in cer¬ 
tain processes is made possible, and waste 
IS avoided because the reaction involves 
every part of the compounds present 

The 568 papers piesented at the meet¬ 
ing were divided among the eighteen 
technical divisions of the society Sym¬ 
posia, often including representatives 
from more than one division, were pre¬ 
sented on a large varietj^ of subjects, both 
theoretical and practical One sym¬ 


posium was devoted to training and 
opportumties for women in chemistry 
The symposium on industrial wastes 
dismissed legislation jiroposed to end 
pollution caused by industrial plants, the 
creation of a federal board to study the 
question and draw up uniform legislation 
was urged bv speakers The problems in 
individual industries w^ere considered, 
and It was emphasized that w^aste treat¬ 
ment should be considered in planning 
new industrial plants 

The papeiK piesented at the svmpo- 
sium on vitamins and nutrition included 
announcements of several discoveries A 
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DRS VVHITMOKK AND KGLOFF 

DR FRANK f WHITMORF, PAST PRESIDFNT OF THE 
AMERICAN CHEMICAL SOUETY AM) DEAN OF THE 
S( HOOL OF CHEMISTRY AND Pil^ SICS, PENNSYL 
\ANIA STAIF tOLLEOF, AND DR OCSTAV FOLOFF, 
DIRECTOR OF Rl-SEARCH, I NIVFRSAL OIL PR0DIT( TS 
( OMPXNY 

method ot separating vitamins Ai and 
A.Z bv the use of hydrochloric acid was 
lejiorted Xanthoplnll, the chemical 
causing the color in “\ellow-1 egged” 
chickens, was found to be a necessary 
ingredient in chicken feed, and was 
therefore stated to be a vitamin The 
discovery of a new vitamin, Bx, prevent¬ 
ing the graying of hau, was announced 
The numerous other papers presented 
at the meeting included announcements 
of such widely varying discoveries as a 
process of canning blue crab meat with¬ 
out discoloration, the successful apph- 
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cation of spectroseojiy m determining 
minute quantities of metals m animal 
tissues, and a powerful but non-deleteri- 
ous new germicide prepared from whale 
oil 

Registration at the meeting totalled 
3,924; forty-seven states and twenty 
foreign countries were represented Ex¬ 
cursions were made to nearby points of 
interest, and programs were arranged by 
the faculties of neighboring educational 


institutions Reports were submitted by 
committees appointed to prepare a pam¬ 
phlet guiding prospective chemistry stu¬ 
dents, to accredit institutions teaching 
chemistry and to study problems of small 
local sections Formal sessions of the 
society were concluded on September 15; 
it is planned to hold the next meeting of 
the society at Cincinnati from April 8 to 
12,1940 

B.I G 


CASUALTIES IN SCIENCE 


It is natural to think first of the cas¬ 
ualties of war as consisting of the men 
killed and injured As tragic as such 
losses are, their consequences are prob¬ 
ably no more serious for the future of 
humanity and civilization than are the 
destructive effects of war on the finer 
things of the mind Already science is 
suffering serious wounds 
Last year in September a congress on 
malaria in Holland was disrupted b,\ 
the international tension over Czecho¬ 
slovakia The meeting of the British 
Association for the Advancement of 
Science, which was to be held m Dundee, 
Scotland, during the first week of last 
September, was interrupted after it 
started, one of the results being that Dr 
Isaiah Bowman was unable to deliver his 
address as the first exchange lecturer 
under the arrangement between the Brit¬ 
ish Association and the American Asso¬ 
ciation The programs of the recent 
scientific congresses reported in this issue 
of The Scientific Monthly were im¬ 
paired by the fear of war that deterred 
many foreign scientists from attending 
them Future scheduled scientific con¬ 
gresses will be postponed or abandoned 
if the war continues 

Scientific publications likewise are 
already suffering. It has been announced 
that Science Progress, now in its thirty- 
fourth volume, will be discontinued, at 
least for the duration of the war In fact, 


Nature has stated that British scientists 
will resolutely devote their energies to 
winning the struggle In neutral Hol¬ 
land Dr Frans Verdoorn is finding it 
difficult, if not impossible, to continue the 
publication of the distinguished Chronica 
Hotamca International weather ser¬ 
vices, on which safe transoceanic airplane 
flights depend, are seriously impaired 

Scientific expeditions will generally be 
abandoned or suspended Already it has 
been announced that the expedition to 
the South-Central Pacific Islands will 
not be undertaken, and one of the IJ S 
Oovernment vessels that was to accom¬ 
pany Admiral Byrd’s projected explora¬ 
tions in Antarctica has been withdrawn 
It would be worth while for some one 
to keep a record of these casualties of 
science 

Naturally the countries at war are 
suffering the most serious consequences 
to their cultural life The attendance at 
all their universilies will be reduced, and 
inevitably the historic atmosphere of 
these famous institutions will be poisoned 
by the war It is reported that twenty- 
two German and Austrian universities 
will be closed, leaving only those at Ber¬ 
lin, Munich, Jena and Vienna m opera¬ 
tion No glories of war can illuminate 
the darkness produced by the closing of 
these many famous centers of culture. 

F.R M. 
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LUNAR ECLIPSE ON OCTOBER 27-28 


On October 27, at six minutes before 
iiiiflniprht, Eastern Standard Time, the 
m(K)u will begin to pass into Ihe earth’s 
sliadow At 1 * 36 A M the eclipse will be 
at its maximum, when 99 2 per cent of 
its disk will be darkened. The eclipse 
lacks a little of being total because the 
moon does not pass centrally through the 
earth’s shadow but across its southern 
border, as is shown in the diagram At 
3 18 A M the moon will emerge com¬ 
pletely from partial eclipse 

Since the shadow of the earth is oppo¬ 
site to the sun and the eclipse occurs 
during the midnight hours, the moon will 
be near the meridian and most favorably 
situated for observation There is a par¬ 
tial shadow around the region from which 
the sun’s light is entirely cut off, also 
showm 111 the diagram Conscqueutlv, the 
moon will be gradually darkened for an 
hour befoie the moon begins to enter the 
complete shadow^ 

It IS slightly enoneous to speak of the 
shadow of the earth as being complete, 
because the thin layer of the earth’s 
atmosphere acts somewhat like a converg¬ 
ing lens and bends some of the ravs from 
the sun into the shadow cone These ravs 
are mostly the orange and red because 
the atmosphere absorbs the blue end of 
the spectrum and partially transmits the 
red, a fact tliat is illustrated by the deep¬ 
ening color of the sun as it sets The 


moon IS therefore dimly visible when it 
IS m eclipse, but copper-colored instead 
of yellowish white The gradual change 
in color can be noticed for a considerable 
time before aiiv jiart of the moon is in 
the complete shallow 

When the moon is near its position of 
gi'catest eclipse the part lemaining 
lighted will appear like a shining support 
for a dim copper-colored balloon above it 
On this iineclipsed portion there are the 
Doerful mountains, whose peaks reach 
26,000 feet abo\e their bases In spite of 
their great altitude they are not sepa¬ 
rate! \ visible without optical aid 

In pre-scicntific da>s eclipses of the 
moon w’ere regarded with superstitions 
aw'C, for appaienth it was covered b\ 
some mysterious darkness coming out of 
the unknown Yet the ancient Greeks 
understood fullv the general relations of 
the sun and the moon and knew that 
lunai eclipses are due to the earth’s 
shadow At an even earlier date the 
Chahleans had discovered fiom many 
centimes of records of the occuri dices 
of eclipses of the sun and the moon that 
tho recur undci approximately similar 
circnmstan(*es in periods of 18 years and 
1132 da\s With present knowledge of 
the motion of the moon the times at which 
eclipses wnll occur can be predicted al¬ 
most to the se(‘oml as long in advance as 
may be desired 



RELATIONS OF SUN, EARTH AND MOON FOR VARIOUS POSITIONS OF MOON 

LKTTFR S REPRESKNTS TlU M^N , E REPRESENTS THE EARTH AND a, b, C, N AND d REPRESENT 
THE MOON AT VARIOl S POSH IONS, OF tOURHF NOT IN TRUK SCALF THF MOON AT a IS IN TllF PAR 
THL SIIAIXm T’HF EARTH, AT M IT IS TOTALLY ECLIPSED AND AT N IT ECLIPSES A SMALL SPOT 

ON THE EARTIT 
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PATH OP THE MOON THROUGH THE EARTH’S SHADOW ON OCTOBER 27-28 
ON OCl’OBER 27, 11 54 PM, THK MOON IS IN THE EARTH ’ 8 PARTIAL SHADOW AND TU8T ENTERING 
THE rOMPLKTK SHADOW AT 1 • 36 A M THE FCLIPbF IS AT iTb MAXIMUM, ABATER WHU H THE MOON 
PAKSFS 01 T OF THE SHADOW, AND FINALLY LEAVES IT AT 3 18 A M 


Althoufrh tH*li])ses of the moon are not 
of 08 great seientific importance as 
eclipses of the sun, yet they offer opjior- 
tuiuties foi several interesting investiga¬ 
tions The most nnpoitant of the piob- 
lems which are investigated at tunes of 
lunar eclipses is the temperature of the 
moon's surface at its midday When the 
moon 18 eclipsed its day side is obviously 
toward the earth, for the sun and the 
moon, as seen from the earth, are ni oppo¬ 
site directions Therefore, just before 
an eclipse the visible poitioii of the moon 
has been exposed to the sun’s ravs for 
several terrestrial da\s, because the 
period of the moon’s rotation is about 
four weeks Since the moon has no at¬ 
mosphere, its surface becomes highly 
heated during its long day The question 
IS to what temperature it is raised 
When the moon is eclipsed its day has 


been rapidly changed into night Before 
eclipse th(» energy received from it hy the 
earth is partly reflected solai energy and 
parti}" radiated energ\ It is essentially 
impossible to separate the two But dur¬ 
ing eclipse all the energ} leceived from 
the moon b} the eaith is radiated heat 
From measurements of this heat it has 
been found that the temperature of the 
moon’s surface at its noon is about 250° 
P During its long night of fourteen 
terrestrial da\ s its temperature descends 
correspondingly low, possiblv to t\^o 
hundred degrees below zero At least, 
during the rehitively brief interval of a 
lunar eclipse it falls below the freezing 
point ot w^ater The extreme range in 
tenipeiatures on the moon would prob- 
abl\ preclude the existence of life on its 
surface, even if there ivere no other very 
serious adverse conditions t? m 





THE SCIENTIHC MONTHLY 


DECEMBER, 1939 


WHAT CHEMISTRY IS DOING TO 
US AND FOR US 

By Dr. ROBERT E. BURK 

PBOraSSOB OF GHEMISTBT, QBADUATE SCHOOL, WESTERN RESERVE UNIVERSITY 


WniiiE I shall not pretend to rate 
chemical feats in their order of impor¬ 
tance, we may start with the fixation of 
nitrogen This is done mainly by con¬ 
verting nitrogen from the air and hydro¬ 
gen from water into ammonia, by the 
Haber process This may be used as 
such or converted to various compounds 
Nitrogen m these forms is assimilable by 
plants and can be made in unlimited 
quantities Other elements not univer¬ 
sally available are required by plants in 
much smaller quantities. The ammonia 
process is the chemist's refutation of the 
Malthusian principle that populations 
tend to outrun their ability to maintain 
themselves Since no one can set a limit 
on the amount of ammonia chemists can 
make (the world is now over-supplied), 
no one is justified in accepting the Mal¬ 
thusian principle. 

The openmg of the World War in 1914 
coincided with the large-scale manufac¬ 
ture of ammonia under the guidance of 
Professor Haber. This was no accident, 
since nitnc acid, necessary for explosives, 
is made from ammonia, and without this 
process Germany would have been obliged 
to get nitrates from Chile through the 
British blockade 

The S 3 mthetic ammonia industry started 
in this country about 1922, with a produc¬ 
tion of about 5,000 tons per year. This 
had about doubled by 1925, had increased 


to 130,000 tons by 1930 and at the present 
time amounts to nearly 200,000 tons a 
year This is a t 3 npical growth curve for 
an industrial chemical The leading 
manufacturer is said to have spent $27,- 
000,000 on synthetic ammonia over a 
period of ten years before it began to 
break even 

The World War showed the value of 
mechanized fighting equipment, particu¬ 
larly airplanes and tanks Germany had 
no appreciable internal supply of petro¬ 
leum, but they did have coal The Ger¬ 
mans, consequently, earned out large- 
scale research work on making gasoline 
and lubricants from coal They have 
succeeded in developing two successful 
processes, the Bergius and the Fischer- 
Tropsch Germany is making more than 
2,500,000 tons, or more than eight hun¬ 
dred million gallons, of gasoline a year 
by these processes If this state of pre¬ 
paredness again coincides approximately 
with a war, don't shoot the chemist— 
remember he has no strong voice in poli¬ 
tics in Gennany or elsewhere. 

There has been much concern over the 
dire consequences of tlie exhaustion of our 
own petroleum resources, and the date 
has been set for the funeral several times. 
However, we can convert coal to petro¬ 
leum by the German processes for a sum 
not much greater than the present tax 
on gasoline, so when the day arrives, all 



492 


THE SCIENTIFIC MONTHLY 


we shall have to do is to induce our gov¬ 
ernment to economize, take the tax off 
gasoline and we shall never know the 
difference Whether that will be easy or 
not I do not know. There is enough 
known coal in the United States to last 
us more than 3,000 years at the present 
rate of consumption, and when it is all 
gone, we can find the rest of it or raise 
plants for conversion to alcohol or burn 
wood directly or use shale oil or use vari¬ 
ous other schemes All the petroleum 
which has ever been used is approxi¬ 
mately equal to one cubic mile I per¬ 
sonally have seen mountains of oil shale 
m Colorado which must represent many 
cubic miles, but it will probably be used 
only after most of the coal is gone, if at 
all In any case, if our chemists have an 
opportunity to function we shall not lack 
energy to run our cars in 1950, the year 
2,000 or the year 3,000 
While speaking of gasoline, I should 
like to say something on cracking and 
anti-knocks The work of William Bur¬ 
ton and others on oil cracking and of the 
General Motors research staff and others 
on anti-knocks has resulted in an average 
increase of some 10 per cent in the power 
derived from a gallon of motor fuel at 
the present time and has about doubled 
the yield of gasoline from crude oil. This 
amounts to a gam of roughly a billion 
horse-power in this country alone Now 
it seems that there is a remarkable river 
named the Tennessee which runs through 
Tennessee but drains all forty-eight 
states, a power which is derived from a 
body known as the Tennessee Valley 
Authority Without attempting to weigh 
the price against the glory of this author¬ 
ity, I have added up the approximate 
horse-power in the contemplated electric 
installations of all the TV A dams, t.a., 
Wilson Dam, Norris Dam, Wheeler Dam, 
Pickwick Landing Dam, Gunterville Dam 
and Chickamauga Dam, and the sum of 
all these monuments is about 715,400 
horse-power. This is less than one tenth 


of one per cent of the horse-power gained 
from the anti-knock and crackmg re¬ 
search Moreover, I have never heard a 
single politician eulogize William Burton 
or the General Motors Corporation for 
their work in conservation In any case, 
we shall plainly be dammed in a big way 
if politicians try to equal the power con¬ 
servation feats of the chemist by building 
the thousand odd TVA’s which would be 
necessary 

Chemical industry, until recently, was 
almost synonymous with the dyestuffs 
industry This child of Sir William 
Perkin is so much in evidence that little 
need be said about it Purple used to be 
referred to as “royaU^ purple because 
only the upper class could afford it and 
it was prized accordingly To-day all 
colors are so cheap that choice of color 
may surely be esthetic and not influenced 
by the prestige of high price. The Ameri¬ 
can dye industry started only when the 
German supply was cut off during the 
World War In 1925, we produced about 
12 ,000,000 pounds of dyes per year, which 
rose to 32,000,000 pounds in 1930, and to 
100,000,000 pounds in 1935 This typi- 
fles the vigor of a chemical industry The 
leading manufacturer (du Pont) is said 
to have spent $45,000,000 on this industry 
over a period of 18 years before it began 
to make a profit. I do not know whether 
this is a reflection of bad judgment or of 
courage and wisdom, but I have given it 
credit for the latter. 

Metals and metal products in 1935 sold 
for about $13,500,00!0,000 To a chemist, 
metals are chemicals as definitely as sul¬ 
furic acid IS Iron, copper, aluminum, 
chromium, nickel, silver, magnesium, 
gold, all form the basis of industries, but 
they likewise find places in the periodic 
table of the chemist It would be tire¬ 
some to dwell on the details of the con¬ 
tributions of chemistry in developing 
stainless steel, high-strength steels, steels 
resistant to high or low temperatures, or 
to discuss in detail nickel, chromium. 
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zinc, cadmium and silver plating, com¬ 
mercial magnesium and aluminum, etc. 
But It may be permissible to pomt out 
that a new, though a very small, baby 
of the metals field, beryllium, is being 
reared in Cleveland, and from it can be 
made such mterestmg products as tools 
which do not give rise to sparks and 
springs which are resistant to fatigue 
It is lighter than aluminum or mag¬ 
nesium. I hiight apologize for even men¬ 
tioning gold as an important metal, but 
it will be remembered to have once 
attained that stature, and much public 
money has been spent for its purchase 
even in recent years 
The present era has been referred to 
as the plastic age I don’t know at the 
moment whether this is meant to refer 
to our susceptibility to propaganda or 
to the fact that the use of plastics or 
resins is increasing so rapidly In any 
case the latter trend is shown in Fig 1 ^ 
The figures represent millions of 
pounds and do not include allied prod¬ 
ucts such as asphalt, synthetic fibers and 
rubber. The popularity of resins is, I 
believe, due essentially to the fact that 
they provide a wider range of properties 
in materials than we have ever had 
before, and moreover their quality can 
be controlled With all this, prices fall 
as production increases 

Synthetic resins have been used in some 
rather spectacular ways I might men¬ 
tion lenses for spectacles, clearer and 
cheaper than ever and unbreakable We 
now have plastic lenses fitted directly to 
the eyeball Some resins have optical 
properties formerly expensive to obtain, 
e g, ultra-violet transmission and ability 
to conduct light around corners (Lucite). 
I have a transparent oil can, an invention 
which may spare an oath or two. Certain 
vinyl resins have the property of being 
nearly completely tasteless and odorless 
This makes them specially suited for 
dentures, toothbrush handles, etc. Syn- 
1 From the magazines Chemical Industries and 
Industrial and Engineering Chemistry, 


thetic resins provide adhesives which can 
be heated with water without soaking off. 
Some of them are the most satisfactory 
insulating material yet found 

Moreover, one should not fall into the 
error of regarding a resm of a given 
chemical type or trade name as a more 
or less constant thing, such as some par¬ 
ticular species of wood Most of the 
resins are backed by research staffs which 
are constantly improving them I im¬ 
agine many would think the idea fan¬ 
tastic that metals will be replaced by 
resins in many of their applications But 
resins are light, readily fabricated m 
mass quantities, do not corrode, are often 
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adequately strong for the purpose and 
liave other interesting properties Actu¬ 
ally, there are already many companies 
engaged in fabricating products from 
resins which were formerly made from 
metals 

Synthetic rubber is a close relative of 
synthetic resins. Pour different varieties 
of synthetic rubber or near rubbers are 
produced m this country on a consider¬ 
able scale, a fifth is produced in Germany 
and a sixth in Russia It is interesting 
to note that only one of the six was devel¬ 
oped in the laboratories of a rubber com¬ 
pany, just as one of the most important 
recent developments in producing oil 
came from a chemical company, and one 



494 


THE SCIENTIFIC MONTHLY 


of the most interesting chemical develop¬ 
ments (synthetic glycerin) came from an 
oil company 

Synthetic textiles are related to, and 
in some instances are chemically identical 
with, synthetic resins and plastics They 
are simply made in filamentary form 
That rayon manufacture is a large indus¬ 
try is scarcely news The present pro¬ 
duction IS at the rate of about 300,000,000 
pounds per year, which is about three 
fourths of our wool production, though 
still small in comparison with cotton pro¬ 
duction It may not be generally known, 
however, that linen, cotton and other 
goods can all be simulated and probably 
improved in rayon 

Another interestmg newcomer in the 
textile field is glass cloth, which is actu¬ 
ally 100 per cent glass The factory in 
which this material is made was converted 
from a bottle factory The material is of 
course absolutely fireproof Its mam use 
so far has been in electrical insulation 
Electric motors insulated with glass cloth 
can be made with twice the power for a 
given size because they can be run hotter 
without damage to the insulation The 
material is also useful wherever cloth is 
desired which is resistant to light, heat, 
chemicals, etc It is not anticipated that 
suits and dresses will be made of glass 

The glass industry has been progres¬ 
sive in other directions. Safety glass, m 
which a layer of plastic material is sand¬ 
wiched in between two layers of glass, has 
saved many lives It has been improved 
until it IS unaffected by light A new 
variety yields so much under impact that 
the blow experienced by a passenger 
thrown against it m an accident is defi¬ 
nitely softened 

We have glass which is resistant to 
mechanical shock, glass which is resistant 
to temperature, and recently glass which 
you can not see No doubt you have seen 
with approval some buildings utilizing 
translucent, insulating glass brick. In¬ 
sulation in housing is a development 


which was surprisingly slow in view of 
the established principles of insulatioui 
yet one which no doubt is destined to 
make an important contribution to com¬ 
fort and to the conservation of our fuel 
resources 

The trouble with building is that it 
is done largely by relatively small or¬ 
ganizations without important research 
facilities Consequently, houses improve 
slowly in comparison with, say, auto¬ 
mobiles 

Air conditioning is a substantial and 
a growing industry which is partly, 
though not entirely, chemical It doesn’t 
mean much as yet in the North One 
must go South in the summer time to 
appreciate it It is, however, a develop¬ 
ment which seems destined to make im¬ 
portant contributions to health in cities 
Closely connected with this topic is the 
art of refrigeration. Artificial ice was 
an important development for health and 
comfort, but a private ice plant m your 
home IS a better one in the eyes of some 
millions of users Imagine a hospital 
without refrigeration! More recently we 
have the preservation of foods by quick 
freezing, a process which most observers 
would agree preserves food with a much 
closer approximation to the original taste 
than canning 

One could scarcely review the practical 
accomplishments of chemistry without 
mentioning photography and its vigor¬ 
ous child, the motion picture industry. 
Active research has made colored pho- 
togi’aphy practical, and active research 
IS being conducted to improve it We 
have a professor who finds this scientific 
creation a relief even from literature 
The leading photographic company in 
this country employs more than four 
hundred research scientists 

Medicines, antiseptics, hypnotics, vita¬ 
mins and hormones are amongst the bril¬ 
liant triumphs of chemistry as a partner 
m the field of medicine, but I shall not 
dwell on them at present. 
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While I have hit only the high spots 
in chemistry’s contributions to modem 
society, it might get tiresome to discuss 
finer details As to the magnitude of 
applied chemistry, if one defines chemical 
industries as those in which the products 
or processes can be described in definite 
chemical terms, he would be obliged to 
include chemicals proper, petroleum, rub¬ 
ber, glass and ceramics, metals and tex¬ 
tiles, but not the fabrication of metals 
and textile products The products in 
this non-inclusive chemical group were 
sold in 1935 for approximately thirteen 
billion dollars This is an impressive 
fraction of our national income, even 
though many partly chemical industries 
have been omitted from the list 

What can be said on the side of chem¬ 
istry which some consider to be detrimen¬ 
tal f Opinions, of course, vary as to the 
value of different inventions For ex¬ 
ample, I don’t like dial telephones or 
gelatin in ice cream Others dislike 
radios; still others automobiles 

The alleged major crime of science has 
received the high-sounding name of tech¬ 
nological unemployment The idea may 
bo illustrated by the cigarette industry, 
where high-speed machines have been 
introduced which produce prodigious 
quantities of cigarettes per man employed 
and which industry has experienced a 
steady decrease in employment Aside 
from the fact that few would wish to 
condemn men to a life of wrapping 
cigarettes by hand, this example, how¬ 
ever, IS a most unfair representation of 
the situation In this industry, the de¬ 
mand is rather flexible, and the public 
would not applaud strenuous efforts to 
expand it The rayon indastry or the 
automobile industry would make a very 
different impression. Phg 2 (from Chem¬ 
ical and Metallurgical Engineering) 
shows the trend of production and prices 
in the rayon industry and is typical of a 
scientific industry where demand in¬ 
creases as prices decline and quality 


improves, as the result of intensive re¬ 
search A similar diagram showing the 
still more striking mereasc in the produc¬ 
tion of synthetic resins has already been 
presented Whether more or fewer men 
will be employed in course of time in such 
an industry as a result can not in general 
be predicted 

According to the October, 1938, num¬ 
ber of The Chemist, a publication of the 
American Institute of Chemists, the 
horse-and-buggy business gave jobs to 
around one million persons in 1900 In 
1937, the automobile industry furnished 


employment to over six million persons 
m making, selling and servicing cars. 
Moreover, a million persons are employed 
directly in the petroleum industry. In 
addition, many thousands of man-years 
are expended in what to some people is 
the pleasant pastime of riding around m 
automobiles. 

Any balanced discussion of alleged tech¬ 
nological unemployment likewise must 
consider new industries created by 
science, of which there are many. Of 
these the recreation industries, which 
already involve more than 8 per cent of 
our national income and which lap over 
with the field of education, should be 
pondered by those who are inclmed to 
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worry over alleged unemployment result¬ 
ing from applications of science 

I visited one of the large continuous 
steel strip mills which stand out as a 
high achievement in mechanized process¬ 
ing It would be easy for a breast-beat¬ 
ing agitator to infuriate a mob over them. 
A huge output of finished steel comes 
out of these gigantic machines with 
scarcely any one in sight Smce here is 
an industry where the demand is flexible, 
I inquired as to the overall elfect of this 
equipment upon employment in the steel 
industry I learned that emplo 3 nment in 
the steel industry as a whole increased 
23 per cent, from 1926 to 1937, whereas 
employment in four leading steel com¬ 



panies, operating continuous mills for 
all or part of the period, increased 28 per 
cent, in the same period This takes no 
account of the huge capital expenditures 
involved in the mills themselves, repre¬ 
senting more employment 

The true situation with regard to tech¬ 
nological unemployment appears to be 
that as a national factor it doesn't exist. 
As Dr K T Compton, president of the 
Massachusetts Institute of Technology, 
and others have recently pointed out, 
‘‘statistics show no decrease in the frac¬ 
tion of our population gainfully em¬ 
ployed during the last few generations 
in which machine production has become 
important " The magnitude of the in¬ 
crease of manufacturing efficiency durmg 


this same period is very large, as shown 
in Pig 3, from an issue of the B%Lsines8 
Bulletin of the Cleveland Trust Com¬ 
pany 

One factor seldom discussed in con¬ 
nection with alleged technological unem¬ 
ployment is the increasing number of 
women in industry Leaving out the 
field of domestic service, the number of 
women now employed is at least equal to 
the total persons unemployed If women 
are better fitted to do some of the work 
men used to do, they will probably do it 
in the end, and the less competent men, 
I suppose, may have to do the dishes and 
take care of the babies But m any case, 
I do not see the justice of blaming the 
chemist for that situation. 

The harshest thing which can be said 
of science with respect to technological 
unemployment is that sometimes men are 
obliged to shift jobs We wish, however, 
to do something about some ten million 
people who may desire to work. The 
scientist interested in the economic effects 
of his work must be impressed by the 
effect of taxation of industry on employ¬ 
ment and as a repressing factor in the 
application of science This is relevant 
to the present discussion, because it is an 
insidious force which tends to stunt the 
normal growth of scientific industry. 
The factor is particularly striking in the 
petroleum industry Here the applica¬ 
tion of scientific methods has reduced the 
average retail price of gasoline from more 
than 29 cents in 1920 to less than 14 cents 
in 1937, or about one half, the figures 
being without the large retail tax This 
technical triumph has been in spite of 
rising labor costs and rising indirect 
taxes, and the quality has improved. But 
much of the gam has been offset by direct 
retail taxes, which in some states amount 
to nearly twice the wholesale price of the 
commodity in spite of the fact that gaso¬ 
line is now a necessity for most people. 
This industry pays total taxes amounting 
to much more than the total net income 
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(after taxes) of the industry. While tax 
money is also spent, it must be particu¬ 
larly emphasized that it is not spent in 
the discriminating way which encourages 
the growth of those particular industries 
which should grow, namely, those capable 
of expansion through flexible demand, 
lower prices, improved quality and new 
uses One does not have to be expert in 
the field of economics to perceive that 
such predatory government policies as 
are exhibited in the petroleum industry 
produce unemployment, for which the 
scientist IS blamed, instead of the poli¬ 
tician 

A third alleged crime of chemistry and 
science m general is the destruction of 
capital through obsolescence I can at 
last agree that though more wealth is 
created than is destroyed, this is a well- 
taken criticism. If the executives of a 
company insist upon ignoring scientific 
research and the improvements in their 
products and operations which scientific 
research makes possible, and their stock¬ 
holders allow them to take this attitude, 
then there is little doubt but that their 
business will not prosper as it otherwise 
would. But the privileges of thus dying 
is not wholly a bad thing It would re¬ 
quire a high order of oratory to provide 
an equal degree of persuasion to business 
men that they should engage in large- 
scale research 

Ten years ago, Barron*s Weekly con¬ 
ducted a contest on the problem, “How 
to Invest $100,000 for a Widow ** The 
man who gave the best answer as judged 
by the ten-year record was recently asked 
to give a new answer for the next ten 
years He then advised that she invest 
$70,000 in a well-diversified list of com¬ 
mon stocks chosen almost entirely from 
those companies which are known to be 
in a good position to benefit by scientific 
research and development 

But that is only an opinion Some 
facts may be more forceful in illustrating 
the conspicuous success of research in in¬ 


dustry For this purpose, I have ex¬ 
amined the financial records of certain 
companies, of which some are conspicu¬ 
ous for aggressive research, others of 
which are not The companies are all 
representative and prominent in their 
respective fields It does not represent 
an exhaustive study of all companies in 
the country, which, so far as I know, has 
never been made It is difficult, likewise, 
to find companies which pursue opposite 
research policies in the same industry. 
Finally, I do not pretend that the quality 
and quantity of research is the sole factor 
in the financial records of these com¬ 
panies The figures are from “Standard 
Corporation Records ** I have examined 
the net earnings of the Dow Chemical 
Company over the past five years, which 
did not come even near to sustaining a 
loss in the great depression It is spend¬ 
ing about $1,400,000 a year on research, 
with net sales of about $25,000,000 a 
year 

The E I du Pont de Nemours and 
Company has had a continuous record of 
net income since 1926 It is noteworthy 
that their 1936 and 1937 earnings ex¬ 
ceeded their 1929 earnings Their re¬ 
search expenditures are at the rate of 
more than $7,000,000 a year, and their 
net sales about $286,000,000 I think it 
IS safe to say this company spends more 
money on chemical research than all the 
universities m the country combined 

The Union Carbide and Carbon Cor¬ 
poration has had a similar record. Its 
1937 eainings were at an all-time high 
This company has never incurred a loss 
or passed a dividend. Their research 
expenditures are not available, but are 
high 

Next, let us look at a large railroad 
company Railroad earnings may be 
complicated by having to deal with 
strong labor unions and government con¬ 
trol Nevertheless, though they are them¬ 
selves merely exploiting an invention, 
they are not known to be aggressive in 
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research. The New York Central Rail¬ 
road had a deficit of about $18,000,000 m 
1932 and only a meager return in 1937 
in comparison with 1929. 

The Pittsburgh Coal Company, one of 
the largest coal companies in the country, 
has had a deficit every year but one since 
1925. If research is carried out by them 
on a large scale, I have never heard of it 
and it is not mentioned m “Standard 
Corporation Records,’’ nor in the Na¬ 
tional Research Council Records 
The Long-Bell Lumber Company, one 
of the largest in its field, has had an 
almost continuous record of heavy losses 
since 1925 and has had to go through 
reorganization Lest it be concluded that 
the record of this company is the inevi¬ 
table result of the decline in building, let 
us examine the record of the net earnings 
of the Johns Manville Company, also de¬ 
pendent upon the building industry, but 
well known for its aggressive research 
policy It has had no deficit since 1926 
and in 1937 it is to be noted that its net 
earnings approached the all-time high 
The very least one can say is that all 
this evidence is in favor of the idea that 
aggressive research work m industry 
pays very well and preserves the capital 
of those who practice it 
Another danger of applied science with 
which I might agree is that there is a 
tendency to try to get along with too 
little knowledge We may be in a critical 
period now m this regard Thus I take 
vitamins every day and am under the im¬ 
pression that my health is improved 
thereby But I should feel more comfort¬ 
able about this practice if knowledge on 
the subject were more extensive The 
generalized point is that we are heavily 
involved with science and it seems wholly 
illogical and impractical to try to turn 
the clock back Yet our knowledge is so 
scant that we may pinch our fingers here 
and there trying to make the machine 
work, unless we have more definite infor¬ 
mation With which to run it. 


It would reflect no credit on chemistry 
if I were to attempt to disparage other 
branches of learning, which is far from 
my intentions Nevertheless, the impres¬ 
sion is growing that current leadership 
in the fields of business, politics, labor 
unions or education, if you please, can 
not be eflPective without large masses of 
incontrovertible facts, without sound sci¬ 
entific guidance 

Though it has been said that “pearls 
of great price can not be had for the 
asking,” the material pearls which sci¬ 
ence has produced have been sold very 
cheaply In the past, inventors’ receipts 
from important inventions are commonly 
less than a broker’s commission for han¬ 
dling articles of commerce But the most 
valuable pearl which science has pro¬ 
duced IS dangling in front of us abso¬ 
lutely free, yet largely ignored This is 
the demonstrated value of facts as against 
opinions This is the key to the growth 
of science Why isn’t this principle more 
contagioust Why can’t some of the bil¬ 
lions which the public seem willing to 
squander on a gleam in some politician’s 
eye be devoted to the acquisition of such 
a body of tangible facts as will guide us 
properly ? 

The high valuation which we should 
place upon facts brings a defender of 
chemistry to questions of the influence of 
science on the moral and spiritual well¬ 
being of man Millikan, Compton and 
others have written and spoken on the 
lack of conflict between science and re¬ 
ligion, and a technical discussion of that 
subject will be avoided However, some 
writers, beginning at least with Robert 
Southey, have bemoaned the rise of the 
scientific age as a destructive force in the 
spiritual progress of man This force is 
represented as attaining a hurricane 
stage m the mass production industries 
of the present day But while some au¬ 
thors may not like to run lathes, it is my 
personal observation that lathe hands are 
not a particularly unhappy lot Labor 
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generally is probably at least as well off 
as in the days when they endured the 
burdens of the Middle Ages. I should 
go much further than that and represent 
science as an exceedingly powerfid spiri¬ 
tual and moral force If a man doesn^t 
learn moral lessons from the observation 
of the certainty of operation of natural 
laws, he seems to me to be morally hope¬ 
less The qualities which we commonly 
associate with high character are, ac¬ 
cording to my observations, especially 
marked m persons who have a deep ap¬ 
preciation of facts Which is cause and 
which effect it is diflScult to say, but in 
any case, the two are compatible 

I believe Abraham Lincoln emphasized 
strongly the importance of respect for 
law But this advice can be followed 
only if the laws are respectable Even 
the time-honored and respectable man¬ 
made laws are broken and it takes a lot 
of policemen to enforce such observance 
as we have Now it is an indisputable 
fact that people do not try to break nat¬ 
ural laws if they have any comprehension 
of what these laws are Surely the luna¬ 
tic who tries to fly with an umbrella will 
not be cited against me at this point Is 
it too much to hope that legislators and 
the public at large will, some day, grasp 
the implications of this comparison, that 
they will think again before they say 
*Hhere ought to be a law’’? 

The spiritual stimulation of what are 
sometimes referred to as ‘‘cold facts” 
may not be so obvious as their moral 
effect It IS well known that producing 
scientists are inclined to work hours 
which would cause a popular uproar (to 
say nothing of violating a federal law) if 
employers imposed them on their em¬ 
ployees Is this because scientists are 
simply queer animals? Possibly they are 
a little queer, at least the rest of them 
may be, but I imagine the effect is due 
to a degree of interest which is difHcult 
for those not similarly stimulated to 
understand—an interest derivable from 


the “cold facts” of science, though, of 
course, not alone from science It is dif¬ 
ficult to purchase equally satisfactory 
amusement, as Lord Cavendish, the Due 
de Broglie, the Prince of Monaco and 
other men possessing both wealth and 
intelligence have found out 

Perhaps I can illustrate the stimula¬ 
ting effect of cold facts by means of an 
example The course of political and eco¬ 
nomic events over, say, the next decade 
will assuredly follow some pattern or 
other, and most of us wonder what it 
will be For the sake of illustration, let 
us suppose that an exponent of some 
branch of political science could predict 
such a course of events with certainty, 
and that there was general confidence 
that he could do so (I must apologize 
for the fantastic character of this illus¬ 
tration ) But in that event, I think all 
would agree that a lecture on that sub¬ 
ject would arouse the most intense public 
interest The cold facts alone would have 
that result—no high-powered oratory 
would be required 

Unfortunately, I am not sufficiently 
skilled m the proper field of political 
science for such a valuable prophecy, but 
in the field of chemistry sufficient infor¬ 
mation has emerged from research lab¬ 
oratories to justify some predictions 

I pointed out that hundreds of millions 
of horse-power have been created by the 
efforts of chemists in the field of motor 
fuel There is a steady advance in this 
field which must continue for some time. 
Diesel engines have been held back by 
such factors as higher first cost This is 
due at least in part to the circumstance 
that they have not been produced in large 
numbers In other words, the spark igni¬ 
tion engine got there first The problem 
of mixing the fuel and air is a problem 
in the Diesel engine which, however, does 
not seem to be inherently insoluble. 
Diesels have been increasing in number, 
and I should hesitate to predict the end. 

Medical research is bound to make fur- 
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ther strides. Industrial medical research 
has grown rapidly m such laboratories as 
Abbott, Lilly, Squibb, Parke-Davis, etc. 
Smce the public wish to be cured and are 
quite willing to pay for being cured, I 
should not be surprised to see a very large 
gi'owth of medical knowledge emanating 
from such laboratories. Less research is 
carried out on making the human ma¬ 
chine run properly than on making auto¬ 
mobiles run properly, yet surely automo¬ 
biles are less important than human be¬ 
ings The obvious difference is that re¬ 
search on automobiles and their fuels and 
lubricants is commercialized—I should 
say decently so—while medical research 
has been to a considerable degree re¬ 
stricted by what their authorities con¬ 
sider to be ethical taboos against com¬ 
mercialization I hope it will be pos¬ 
sible for academic medical research to be 
so related to the industrial medical re¬ 
search that it will not be eclipsed and 
can be adequately financed As a sub¬ 
ject for a future Nobel award in biochem¬ 
istry I should like to suggest a pill which 
would soften the emotion of jealousy 

Chemical control of plant growth is 
one of the most promising research de¬ 
velopments of current interest. It has 
gone far enough to make one sure it is 
going farther It seems that the extent 
of growth of plants does not proceed to 
some inherited limit, as with animals, but 
is rather related to their food and light 
supply Moreover, plants in some cir¬ 
cumstances may be fed intensively from 
solutions more conveniently than in soil. 
This technique is an established commer¬ 
cial success, egr, in raising tomatoes 
Plant hormones with their specific effects 
upon plant growth add to the fascinating 
future of this field 

Allied chemical industries of future 
interest will bo those based upon agricul¬ 
tural raw materials Illustrative infant 
industries are the soybean industry, the 
tung-oil industry and the production of 
furfural on a large scale from oat hulls. 


Cellulose, the mam constituent of cotton 
and wood, is the basis of paper, rayon, 
Cellophane and the cellulose plastics, 
eg., cellulose nitrates (celluloid), cellu¬ 
lose acetate and other esters, ethyl cellu¬ 
lose and cellulose ethers These mdus- 
tries are still expanding Agriculture, 
including forestry, it seems, can best con¬ 
tinue to supply the raw material for these 
products Who can deny that if the next 
billion dollars appropriated for farm re¬ 
lief were spent instead for research on the 
better utilization of farm raw materials, 
the result would be a cure instead of re¬ 
lief for the farmers? 

Alcohol and sugar are made from wood 
in Germany, but whether alcohol will 
eventually be made from molasses, beets, 
Jerusalem artichokes, sweet potatoes, pe¬ 
troleum, wood or coal in this country has 
not been made clear. 

Protein chemistry is being studied ex¬ 
tensively at the present time. Something 
will come of it, but the work has not set¬ 
tled sufQciently to say just what. The 
physiological response of protem-like 
structures and of particular chemical 
groups in proteins is obviously im¬ 
portant 

The probabilities for continued lower¬ 
ing of costs and still further increasing 
variety and quality of textiles and plas¬ 
tics are plain It requires no special 
psychic power to predict that both in¬ 
dustries will continue to grow in im¬ 
portance Synthetic fibers will probably 
replace natural ones more and more com¬ 
pletely for at least four reasons* (a) 
They are more uniform in quality, (6) 
they are continually improved m quality, 
whereas cotton and flax plants, sheep and 
silkworms are not quite as progressive, 
(c) synthetic fibers may be built with 
qualities not possessed by natural fibers; 
and (d) manufacturmg costs will prob¬ 
ably fall faster than farming costs. 

One of the most spectacular of the 
newer fibers is called nylon. Rayon, be¬ 
ing made from cellulose, is not entirely 
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synthetic, some of it having the same 
chemical composition as cellulose But 
this new fiber is made entirely from coal, 
air and water. It is a polyamide mate¬ 
rial related therefore to proteins m struc¬ 
ture. Its first application is in the lowly 
toothbrush, since bristles made from it 
do not soften when wetted This is, of 
course, more than can be said for hog 
bristles More interesting to the house¬ 
hold budget IS that women’s hose can be 
made of the material which are more dur¬ 
able, though more sheer, than present 
ones. It IS likewise expected that this 
substance will be admirable for tennis 
racquet strings, since it is strong and 
elastic yet uninjured by water Finally, 
the material can be spun finer than silk 
or rayon. Large-scale production of this 
substance is expected to start early in 
1940 

Important research is being carried out 
on wood Itself. The use of synthetic 
plastics instead of glue has greatly ex¬ 
tended the field of plywoods These can 
be made of uniform and high strength 
so that objects made from plywood can 
be engineered as precisely as objects 
made from a metal Progress is likewise 
being made m giving to wood other de¬ 
sirable qualities. Thus this substance 
can either be improved or dissolved and 
converted into a host of other things 

Synthetic chemical products will in¬ 
crease not only from agricultural raw 
materials but from petroleum and from 
coal. In fact, there will be probably 
some lively competition among these raw 
material sources Thas, glycerin from 
petroleum has recently been announced 
m competition with agricultural glycerin 

In the field of metals, corrosion seems 
to be an outstanding trouble at the 
present time When a trouble is as ex¬ 
pensive as corrosion is it can safely be 
predicted that research work will con¬ 
tinue to be concentrated there. One can 
see no particular reason why quests for 
new alloys should stop. 


Chemists would be dull indeed if they 
can not further lighten the burdens of 
the housewife Our rugs are treated with 
a chemical which makes them perma¬ 
nently immune to moths. Shrinkless 
blankets have recently been announced. 
These are cases in point 

These predictions are merely a few rea¬ 
sonably safe ones The unpredictable 
developments are quite likely to be of as 
great or greater importance Moreover, 
these predictions are jiredicted on the 
preservation of reasonable patent protec¬ 
tion on the part of government, without 
which, in the nearly unanimous opinion 
of chemists, industrial research can not 
function In an invention, one creates 
property which did not exist before 
IIow could there be a stronger title to 
property? It seems incredible that per¬ 
sons who recognize weaker titles (or do 
they) to such property as real estate 
should wish to deny patent protection to 
inventors 

Nevertheless, there has been a move¬ 
ment in Washington to dimmish the 
patent rights of inventors Under the 
McFarlane bill, turned down by the last 
Congress, a government agent could li¬ 
cense your patent to your competitor 
for a dollar if he so chose. Mr. Mc¬ 
Farlane did not return to Congress, but 
there is a new patent bill and propa¬ 
gandists are at work on the subject of 
patents, from which I suppose we can 
conclude that some higher-up has a weird 
idea and is exerting back-room pressure 
against patents This patent conspiracy 
to my mind is the most serious threat 
to the proper development of science 
which we have at the present time. If 
the plot is successful, it would cause a 
subtle economic disease comparable with 
keeping industry on a vitamin-free diet. 
The disease would soon affect academic 
scientists. 

Research policy is interesting in that 
the magnitude of research expenditures 
bears no particular relation to research 
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opportunity. The determining factor 
seems to be the insight and progressive 
quality of the management Industries 
•which have but recently emerged from 
the laboratory are particularly likely to 
take an aggressive attitude toward re¬ 
search When Horace Greeley told young 
men to go west the economic reasonable¬ 
ness of his advice was fairly clear To¬ 
day the corresponding opportunity lies 
in science and particularly in chem¬ 
istry, but the opportunities he behind 
such words as catalysis, polymerization, 
methyl methacrylate, polystyrene, ascor¬ 
bic acid, etc Twenty years ago a steel 
manufacturer or fabricator couldn’t be 
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blamed for not foreseeing competition 
from, say, phenol formaldehyde conden¬ 
sation products Now we may blame 
him, because it has become clear enough 
that any industry is likely to be affected 
by research Companies would now be 
well advised to build up research as fast 
as, but no faster than, they can assimi¬ 
late it 

Research itself has become an industry 
as well as a means to industry Indus¬ 
trial research expenditures are estimated 
at $250,000,000 in 1937. This is more 
than 10 per cent of the expenditures on 
our entire educational system, though a 
paltry sum for the work at hand Young 


men faced with the problem of picking 
a career would be interested in Pig. 4, 
which shows trends in the relative num¬ 
ber of persons employed per million of 
population in certain representative oc¬ 
cupations, including chemists. Research 
seems to be not only an interesting and 
prosperous frontier but an inexhaustible 
one 

What effects will industrial research 
have upon universities f Universities ac¬ 
cording to tradition are institutions for 
teaching and learning But already more 
than 90 per cent of the investigators are 
in industrial organizations It seems 
that unless universities can tie in with 
the industrial work they will exercise 
the teaching function, but what they 
should be teaching, m the chemical field 
at least, will be buried in the files of 
corporations 

The old distinction between pure and 
applied research can no longer be drawn. 
The most argumentative would agree 
that biology is fundamentally dependent 
upon catalysis, polymerization and oxi¬ 
dation This IS because proteins and 
cellulose are polymers, because enzymes, 
hormones, vitamins, chlorophyl, the im¬ 
portant trace elements and the like are 
properly classed as catalysts, and because 
oxidation is the fundamental energy-pro¬ 
ducing reaction Yet it is my impression 
that information on these subjects is ac¬ 
cumulating faster in industrial labora¬ 
tories and projects than in non-mdus- 
trialized medical research institutions 
This impression is based on some years 
of experience in coordination informa¬ 
tion in these fields 

A friend of mine who is in a position 
to know has told me that the volume of 
new publishable chemistry which is, each 
month, locked in the files of one of our 
large chemical companies, alone is equal 
to all that which comes to light through 
the Journal of the American Chemteal 
Society The chemistry of aliphatic hy¬ 
drocarbons as we know it to-day has de- 
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veloped largely in industrial laboratories 
The petroleum industry has recently de¬ 
veloped an easy technique for converting 
aliphatic hydrocarbons to aromatic ones, 
a contribution to chemistry of which any 
university laboratory in the world would 
be proud. One company has recently 
published a new system for quantitative 
analysis by means of x-rays Some of 
our most useful technique, such as the 
easily available high vacuum technique, 
has come from industrial laboratories 
Automatic instrumentation, developed by 
industry because it is necessary for pre¬ 
cise plant control, is rendering research 
experiments and observations more ac¬ 
curate than the most zealous human ob¬ 
server could make them 

It IS idle to suppose in the field of 
chemistry at least that the able theo¬ 
retical men stay in universities, while the 
second-rate ones go into industry Nobel 
prizes not infrequently go to industrial 
men these days—^Langmuir, Bergius, 
Davidson come to mind Bright young 
men who spurn industrial work at the 
age of 25 are often in it at 35 I could 
name a long list of top-notch chemists m 
industrial laboratories Does it not seem 
unfortunate that such men are not in 
general so situated that graduate stu¬ 
dents can have the benefit of their learn- 
mg and experience T 

Corresponding to the growing impor¬ 
tance of chemical research and the func¬ 
tion of universities in providing properly 
trained men for the work is also one of 
growing national importance To do this 
work well, universities must maintain, or 
perhaps regain, leadership in chemical 


research But, alas, this has become a 
large and expensive job—too large prob¬ 
ably to be financed adequately by tradi¬ 
tional methods in these days of open 
season on wealthy men It seems to me 
that the work of theoretical science in 
universities is too unportant to industry 
to be nourished in the future as in the 
past merely by the crumbs which fall 
from the industrial table 

We have a new situation in the world 
of scholarship Never before have hun¬ 
dreds of chemists or any type of scholar 
been gathered together in one spot en¬ 
gaged in the creation of new knowledge, 
a situation which exists in many spots 
to-day Chemical abstracts cover some 
200 journal articles and patents a day 
It requires money and men to keep up 
with such a parade, to say nothing of 
leading it It is too much to expect an 
isolated professor to make much of an 
impression on such a flood of informa¬ 
tion 

Universities have acquired a new prob¬ 
lem in orienting themselves to large-scale 
organized research They have perhaps 
a new rival, but also a new and much- 
needed and much-deserved source of sup¬ 
port Scholarship has become tangibly 
and nearly immediately valuable, and 
shrewd capital is responding to that 
realization 

Chemists have literally made a silk 
purse out of a sow's ear, they have liter¬ 
ally made a duck sink instead of swim 
One should not be surprised if they suc¬ 
ceed m gaming for able college professors 
the public respect and economic status 
which they should have. 
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To the physicist the name ‘‘Rnmford’' 
suggests, quite rightly, the experiment 
on the heat produced by friction The 
Bumford photometer is also usually 
remembered. Beyond these two contri¬ 
butions to physics, nowadays described 
in every text-book, the average scientist 
is frankly ignorant. Except for frag¬ 
mentary information about certain 
clever designs in stoves and chimneys, 
general knowledge of this amazing man 
becomes rapidly weaker, the final flicker 
of interest occurring at the mention of 
Bumford baking powder! Prodded by 
an occasional student, the physics teacher 
evolves the information that Sir Benja¬ 
min Thompson, later the famous Count 
of Bumford, was the founder of the 
Boyal Institution of Great Britain, and 
refers to the Bumford Fund of the 
American Academy of Arts and Sciences 

Count Bumford was not only an ex¬ 
perimenter but a scientist in action in 
sociological problems, applying the tre¬ 
mendous zeal, accuracy of observation 
and care in conclusions that character¬ 
ized his entire scientific career to the 
bafiBing problems of social maladjust¬ 
ment To the scientific attributes above- 
mentioned must be added, as of vast im¬ 
portance in the ‘‘extra-curricular’’ ac¬ 
tivities of Bumford, his tact, unfailing 
courtesy and knowledge of human na¬ 
ture The last characteristic may be 
illustrated by his own words 

All Bums of money or other assietance given 
to the poor in alms, which do not tend to make 
them industrious, never can fail to have a con¬ 
trary tendency, and to operate as an encourage¬ 
ment to idleness and immorality. 

Charles Theodore of Bavaria, looking 
out from his none-too-secure position as 


Elector upon the world of his time, 
sensed a situation that boded little good 
to sovereigns A few miles away the 
French monarchy was beginning to trem¬ 
ble, and far ofl? across the ocean to the 
west, on the semi-cmlized fringe of a 
continental wilderness, a few thousand 
colonials had dared resist the government 
of their mother country Unrest was in 
the air —bl world epidemic that would 
break out whenever or wherever the con¬ 
ditions became acute The Elector was 
full of concern for his three million sub¬ 
jects Not only was his land harassed 
by internal troubles, but the neighboring 
states of Prussia, France and Russia 
were by no means friendly 

In September, 1783, Colonel Benjamin 
Thompson, a fine-looking British oflScer 
on extended leave, arrived at Strasburg 
from England By his geniality and 
knowledge of practical affairs he won for 
himself acquaintances among the stran¬ 
gers, among whom was Prince Maxi¬ 
milian of Deux Ponts, nephew of the 
Elector of Bavaria Continuing his jour¬ 
ney into the latter country, Colonel 
Thompson presented letters of introduc¬ 
tion to the Elector, who speedily found 
from personal contact that he was deal¬ 
ing with the very man who could help 
him settle the chief problems confronting 
the country Agreeing to give his aid, 
Thompson spent the next four years in 
a careful study of all the economic and 
social forces at work in his patron’s 
dominions, as well as of the language, 
mineral resources and industries. 

There were in Bavaria at that time two 
major social problems; the employment 
of the army in days of peace and the 
importunities of thousands of beggars. 
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In order to solve the second problem, the 
first had to be thoroughly mastered. 
Realizing that the maintenance of a large 
standing army was a menace to the 
people, financially and economically, 
Thompson instituted drastic reforms 
Soldiers, though recruited from the soil, 
refused to return to the simple life when 
on furlough Colonel Thompson realized 
that they must be made to see the desir- 
abihty of such a return With the com¬ 
plete acquiescence of the high-ranking 
oflScers, he declared that military life 
would henceforth be shorn of obsolete 
and useless customs, that each man would 
be given as much liberty as was consistent 
with order and subordination, that op¬ 
portunity would be offered for self- 
improvement, and that schools would be 
provided so that not only soldiers, but 
their children and their neighbors’ chil¬ 
dren, could learn at least the three R’s. 
The government was to supply books, 
paper, pens and ink Lest the soldiers 
should have idle time on their hands in 
spite of the new r6gime, a ^‘Military 
Workhouse” was provided for them and 
their families Raw materials were given 
to them by the government, the proceeds 
of the sale of the completed goods being 
entirely at the disposal of the workers 
The latter were issued strong canvas 
working suits The official duties of 
soldiers in time of peace were largely 
similar to those of the modern C C C — 
making and repairing roadways, drain¬ 
ing marshes and repairing the banks of 
rivers The regimental bands played at 
times of unusually arduous work, while 
sports and games were encouraged on 
holidays. Ten months’ furloughs were 
allowed, in rotation, to a large number 
of soldiers in each garrison, their time 
being spent in recruiting, in engaging in 
manufacturing and in agriculture m 
their home communities To encourage 
this last activity, Thompson planned a 
garden in connection with each army 


post, so that the soldiers could experi¬ 
ment with potatoes, at that time quite a 
novelty Each man was allotted 365 
square feet, which he could cultivate for 
pleasure and profit The soldiers took 
pride m their miniature farms and even 
took seeds and potatoes with them when 
they went home on furloughs Thus new 
foodstuffs and better methods of cultiva¬ 
tion were introduced to the populace 
The men were allowed to seek advice and 
assistance from their officers, who were 
forbidden to accept any remuneration 
for their counsel 

The reformation of the army meant the 
first step in Sir Benjamin’s plans for the 
elimination of mendicancy throughout 
the country This evil was a gigantic 
and organized system of abuses, tolerated 
by the government and the people, which 
made life miserable, and even unsafe, for 
the majority of citizens The local laws 
for the support of the poor were utterly 
inadequate to cope with the situation 
Beggars and vagabonds, of both sexes 
and all ages, natives and foreigners, 
swarmed over the land, lining the roads, 
robbing houses, stores, workshops and 
churches What they could not obtain 
by begging, they sought to acquire by 
threat Since most of these ruffians were 
strong and well, and preferred their lazy 
life to one of industry, they were at once 
the terror and the scourge of the coun¬ 
try Children were kidnapped, maimed 
and then exposed to the public in order 
to extort a fixed sum per day Terrible 
punishment was threatened if the stipend 
were not obtained Even herdsmen and 
farmers levied contributions from pass¬ 
ers-by, and farm children, too young to 
work in the fields, were taught to ask 
for money by the rondside In the cities 
there were beggars’ castes, with rules as 
to territory, intermarriage and profes¬ 
sional privileges of offspring 

Thompson’s first move was to dispose 
of four regiments of cavalry in such a 
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way that every town and village had a 
patrol party of from three to five 
mounted soldiers daily coursing from one 
station to another. The exaction of food, 
forage and lodging from any peasant’s 
home was not permitted. Officers were 
detailed to inspect these patrols, and a 
general officer, having inspected all the 
cantonments, reported to headquarters at 
Munich Printed instructions in great 
detail governed all these matters The 
patrols had orders to convey government 
messages, guard the frontiers, prevent 
smuggling, assist at conflagrations and 
apprehend all bandits The inhabitants 
of each district provided for the simple 
wants of the patrols, and so well and 
economically was the plan worked out 
that the entire cost to the country for one 
year was only a matter of some ten thou¬ 
sand dollars 

To take care of the worthy poor and 
to provide employment for them, espe¬ 
cially m the cities, Thompson organized 
an efficient bureau composed of persons 
of the highest rank This body, serving 
without pay, included the respective 
presidents of the Council of War, the 
Council of Supreme Regency, the Eccle¬ 
siastical Council and the Chamber of 
Finances, together with a councilor from 
each of these departments A secretary, 
a clerk and an accountant were provided 
at the public expense The city of Mu¬ 
nich was divided into sixteen districts, 
and in each of the latter every dwelling 
house was numbered, whether it were a 
palace or a hovel For each district a 
Committee of Chanty was appointed, 
composed of a priest, a physician, a sur¬ 
geon, an apothecary and a ‘^respectable 
citizen” who acted as chairman These 
persons likewise served without pay, and 
as a body were affiliated with the general 
committee The worthy poor were given 
aid when and in such form as they needed 
it. 

The vagabond class presented a differ¬ 


ent problem altogether. It was a great 
feat of “social engineering” to turn a 
multitude of persons who had been bred 
deliberately m lazy and dissolute habits, 
void of decency and the sense of shame, 
covered with filth and vermin, and sleep¬ 
ing in rags, into a happy and thrifty 
group of workers The amazing fact is 
that Thompson’s plans were very success¬ 
ful. His executive ability was so great, 
and his resoluteness and tact so unusual, 
that under his administration the seem¬ 
ingly impossible was accomplished His 
general theory was that the vagabonds 
would be tractable if they were first made 
happy and comfortable. They were to 
be provided with pleasant, warm rooms, 
given a wholesome dinner daily and pro¬ 
vided with a chance to do remunerative 
work if they desired to earn a living. A 
circular of appeal was issued throughout 
Munich, Thompson himself assisting m 
distributing the leaflets among the prin¬ 
cipal citizens The response was encour¬ 
aging Old charitable institutions—re¬ 
ligious and secular—^agreed to give up 
their former house-to-house canvass for 
funds since they were to receive the 
equivalent sum from the public treasury 
Bakers and butchers, delighted at the 
prospect of freedom from the beggars’ 
importunities, agreed to contribute 
wholesome leftovers from their shops to 
the public kitchens. Thompson caused 
an old factory building to be thoroughly 
cleaned and repaired, and added a 
kitchen, bakehouse, dinmg hall and work¬ 
shop ^ Carpenters, smiths and other 
mechanics were installed, with the re¬ 
quest that they make and keep in order 
all the tools and machines which the pro¬ 
posed “House of Industry” might re¬ 
quire Large halls were set aside for 
workers in flax, hemp, cotton, wool and 
worsted—each hall provided with an 
1 The Arbeitshaus and the Armeninstitut, 
housing these industries, are stiU standing in 
An, a suburb of Munich. 
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oveiseei, ^^h()se duties ^\ere to {>ive out 
the law material, take iii the finished 
work and aeeouiit lor tlie laboi done By 
desi^Miin^^ effitient fiieplaees, Thompson 
ealcndated that food tor one thousand 


These plans havni}^ been executed, the 
next piohlem Wfis to eolleet the vaj^a- 
bonds’ Unmfoid decided that the 
piopei time foi action would be the iol- 
lowin^r Yoai’s Da\ (1700), nation- 



COUNT m'MFOIU) AT TJTK A(iE OF THIRTY 
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ArHIhVbMbNTs IV MALF PORlKAIllRb ” II IS RKl KODl ( ID IlFRP U\ ( Ol RTESY 01 Till WILLIAM 
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jieisoiis (*onId be cookeil eai h da\ witli 
about five cents’ w'ortli of tnel The 
House ol Jndnstn was also to (ontaiii 
dweJIinjr-i ooms, store-rooms, a diMiif^: 
hall, a tullinjr-mill, a d\ei’s shop and a 
w^ash-hoiise—(‘vei vthnij^ spick and span 
in fresh paint 


alh known as the “1 ‘^j^ais’ Holiday ” 
Oideis weie jriven that thiei* infantry 
lej'iments station themselves at tlie stieet 
coinms and that field offatrs and all the 
chiel magistrates ot the city be on liand 
to deal wnth eai'h bejrjrai who soujifht tor 
alms Rumfoid and his own partner set 
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FIG 2 

THK BUILDING OF THK WOOL MANUFACTORY IN AU, ERECTED IN 1679, AND EMPLOYED BY RUMFORD 
AS A MILITARY WORKHOUSE AND INSTITUTE FOR THE POOR IN 1789 FROM A COPPERPLATE BY 
WENING IT IB REPRODUCED HERE BY COURTESY OF THE GERMAN MUSEUM AT MUNICH 


the example for the others by walkini? 
out on to the street, where a mendicant 
immediately accosted them The fellow 
was kindly and firmly told that from that 
day begj^inpr would be no lonjrer per¬ 
mitted A serjreant conducted the man 
to the Town Hall for refristration On 
that day 2,600 be(i:^ars were seized in 
Munich alone Each apprehended per¬ 
son was released until the following? day, 
when he was to report to the House of 
Industry—with the incentive of room 
and board to aid him in his resolve 
Rumford, created a Count as a partial 
reward for his services, was so successful 
with his { 2 :ig:antic administrative task that 
even the beggars respected him, and he 
enjoyed as well the support and confi¬ 
dence of the governing classes Most of 


the vagabonds so softened under good 
treatment that they presented scarcely 
any problem to the city for a number of 
years There was at no time a suggestion 
of mutiny, and the idol of orderliness, 
worshipped by the originator of the 
scheme, was so revered by the inmates 
that there was little friction Harsh lan¬ 
guage and ill-treatment from the over¬ 
seers was not permitted. Rumford him¬ 
self remarked later that “not a blow had 
been given to a child, while thrift had so 
abundantly followed from it, that even 
extra rewards had been granted to the 
deserving Such large quantities of 
goods were produced by the workers that 
they clothed the Bavarian troops, sold to 
the public at home and exported to 
foreign lands 
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Suppose you had visions of some day 
biiildmjr yourself a summer eotiaj?e, or 
of realizing: nieely from the sale of shore 
property with grently sloping: beaches, on 
a beautiful quiet lake in the northern 
\voodlands 1 n the meantime the lake has 
mysteriously filled up with mud and with 
a luxurious g:rowth of water weeds and 
g:rass, and is disdained by vacationists 
and fishermen alike, and accredited only 
by transient duck hunters You would 
readily part with your holding:s for a 
few dollars per acre to the first bidder, 
but withhold judg:ment, for perhaps this 
lake IS worth more than your unfortunate 
outlook belies 

Leaching:s of the soil over thousands 
of yeaiN have supported plant and ani¬ 
mal gfrowth in all lakes Their remains 
have gradually come to be deposited in 
the lake beds as vast quantities of organic 
peat, marl and other substances, uhieh, 
returned to the land, have fertilizing 
values and properties of impro\ing the 
texture and water-holding capacity of the 
soil Under somewhat different condi¬ 
tions other lakes are laying down deposits 
of diatomaceous earth This is a material 
of high commercial value for a wide 
variety of industrial uses, including in¬ 
sulation, filtration, polishing, absorption, 
etc Looked at in this light, lake bottoms 
and marshes (the filled-in beds of old 
lakes) comprise some of our country’s 
richest resouri'cs, and represent assorted 
and concentrated materials of untold 
value With the application of practical 
and judicious methods for removing and 
reclaiming this wealth of material we 
shall still have our lakes, many of them 


improved and restored to their pristine 
beauty 

The diatomaceous deposits alone con¬ 
cern us here That some marshes and 
lake bottoms mav be sources of such mate¬ 
rial of great purity and high value is 
reputed to have been first realized when 
some wondering individual examined 
minutelv the snow-white ash left as a 
residue of one of those subtle and de¬ 
vastating fires which sometimes get 
started in dry marshes Such fires, 
ignited by adjacent forest fires, volcanic 
lava flows, lightning or various human 
agencies, once started in the dry, highly 
organic peat of old marshes, will 
smoulder along unnoticed deep under¬ 
ground for months, or even years, until 
all trace of combustible material has 
been consumed These fires are aided 
by the air in the loose peat, by very in¬ 
flammable marsh gases and by the 
momentum of their own accumulating 
heat Then, if the muck consisted 
originallv only of diatoms and organic 
plant remains, as certain of these lake 
sediments do, only diatom shells remain 
when the organic peaty material has 
burned off These silica shells are very 
resistant and do not melt under a temper¬ 
ature of about 1,6(K) degrees Ci'iitigrade 
(2,800 degrees Fahrenheit), much be¬ 
yond the temperature attained by such a 
slow-burning fire. We may well imagine 
the astonishment of the first observer to 
examine minutely this ash, on finding it 
to consist so purely of the shells of 
diatoms, sometimes to the extent of 
nearly 99 per cent 

Imitating the procedure of this acci- 
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dental discovery, a well-standardized 
method has j?rown up for pro(*essinp: such 
lake muds and peatjs of favorable com¬ 
position in order to recover diatomaeeous 
earth. Operations of this kind are beinj? 
carried on in Florida, New York and 
New Hampshire in this country, in the 
maritime provinces of Canada and m 
other parts of the world As is best 
shown in the accompanying^ photographs 
of various phases of this procedure at a 
Florida deposit where fine material is 
found, the muck is dug from shallow 
marshy bogs, either by hand or by drag¬ 
ging or pumping Hauled by a small 
trackway to a plant on the shore, it is 
formed into cakes from which excess 
water is pressed by a hydraulic press 
The pressed cakes are spread on racks to 
dry in the sun and air They are very 
light in weight when dry and (*an be 
hauled in large truck loads to a central 
plant Here the peat is burned, about a 
ton at a time, for several hours in a large 
incinerator, until all organic matter is 
burned off, leaving only the pure diatoms 
as a white cake. This is dumped into a 
large, slowly revolving tumbler, which 
gently breaks it up A forced draft from 
this apparatus carries the dust consist¬ 
ing of single shells and fragments 
through a series of air-classifying or 
grading chambers, where by means of 
cyclonic air currents the finer particles 
are separated from the coarser, each 
grade being drawn off in bags at respec¬ 
tive points along the line 

A question immediately arises—‘‘Why 
resort to such an elaborate and expensive 
process, when mountainous deposits of 
very pure fossilized diatomaeeous earth 
are to be found all through the western 
part of the country, clean, exposed and 
ready to use merely upon digging it up?’’ 


The merit of the former lies in the coun¬ 
ter-balancing of its higher initial cost by 
its greater accessibility to eastern indus¬ 
trial markets, for diatomaeeous earth is 
an extremely light and bulky material— 
a ton of it takes up a great deal of space— 
and the cost ot shipping it long distances 
IS often prohibitive Then, too, the 
Ignited bog material sometimes has 
superior qualities tor certain purposes, 
for “diatomaeeous earth“ is no longer a 
specific term, but \aiious eaiths are 
found to have widely different properties, 
depending largely upon the species of 
diatoms of which they are composed 
The kinds comprising a given earth, as 
well as the puritv of the material, de¬ 
pend largely upon the particular environ¬ 
ment where the diatom growth and 
deposition have occurred Thus a very 
close and direct association may be drawn 
between the industrial application and 
those ecological and limnological condi¬ 
tions under which an earth is produced, 
and it is with the understanding and 
importance ol these relationships, rather 
than with the coinmercn^l value of lake 
peat, that this article is primarily con¬ 
cerned It will be seen, however, that the 
commercial \alue of a deposit, its in¬ 
trinsic purity and the scientific princi¬ 
ples of its formation are all intimately 
related, hence it seems helpful to ap¬ 
proach the purely scientific side of the 
subjeid from the standpoint of the indus¬ 
trial purity of diatomaeeous sediments. 

This whole study bci'dme motivated in 
a somewhat casual wav as the result of 
the disco\erv of very concentrated 
diatomaeeous sediments, wdiile making 
general studies on diatoms in nortliern 
Wisconsin lakes during the summers 
193G~38, at the Trout Lake Limnological 
Laboratorv, upon the invitation of Dr 


Couttfuy of the imetican Diatomite Corporation 


BTOOTNG DIATOMACEOUS PEAT 

UPPER—THIS BLACK MUCK WHKN BURNED LEAVES A SNOW-WHITE POWDFR OP OVER 98 PER CENT 
DIATOMS. CENTER—TRACK FOR HAULINO MUCK, OVER SHALLOW L\KE FORMED BY ITS REMOVAL. 
LOWER—PRESSING EXCF88 WATFR FROM MUCK WITH A HYDRArLK' PRESS 





DIATOMACEOUS PEAT DEPOSITS 


513 


Chancey Juday and Dr E A Birge, and 
m cooperation with the University of 
Wisconsin and the Wisconsin Geological 
and Natural History Surve.v 

A chance collection of very rich dia- 
tomaceoiis mud from a small obscure lake 
immediately impressed the writer with 
its possibilities as a source of useful dia- 
tomaceous earth, and on fuither thought 
with its potentialities as a phase in the 
formation of fossil dejiosits Ccitain 
conspicuous features of this lake were 
noted and they stimulated an interest in 
the subsecpient examination of other lakes 
for similar materials Further pursuit 
of the above suggested exploration led 
to the scientifically interesting and 
economical!V useful disco\erv that the 
lakes of this northern Wisconsin region 
represent diatonuK'Cous deposition in all 
degrees of purity, from sediments con¬ 
taining practically no diatoms to others 
that are almost pure, w'ltli a i datively 
high proportion of lakes forming the 
more pure deposits The super-abun¬ 
dance of fine accessible fossil earths in 
the West, wuth minor (piantities in the 
East, and ample production of the 
burned peat product, had previously de¬ 
tracted from any thought of such occur¬ 
rences in the (central part of the country 
In one fourth of the sixtv-four lakes first 
examined, the material was considered 
sufficiently pure to be industrially im¬ 
portant, and a number of others aji- 
proached this in quality lii the best 
deposit located, the loose fluffy sediment 
lav but lialt a toot under the surface of 
scAeral acres of open w^ater, with some 
S(piaie miles of surrounding marsh land 
that may possibly overlie equally good 
sediment A correspondent, Mr S M 
Preston, of Detroit, describes the appear¬ 
ance of a similar diatomaceous bog in a 


w^ay that seems w^orthy of mention here 
He says, ‘‘With this material so thick m 
the lake to within a foot of the surface, 
it leaves a body of water (that is only 
a menace to life, human and animal ’’ 
Such a lake contains no fish, nor little 
other life, and its soft but \ iscous mud is 
truly a trea(*herous mire to any animal 
that attempts to cross it or to anv human 
that unhappily becomes iiuolved Its 
only use to man is as a source of the 
diatomaceous earth, the reco\ery of 
wdnch has the dual benefit of affording a 
useful product, and clearing the lake of 
the above-mentioned hazard, suiting it 
better to human interests, and providing 
once more a favorable environment for 
fish and other life 

The muck of the best lake when dried 
\ lelded 73 per cent silica, entirely in the 
foim of diatom shells, and laigely of a 
small unilorni tvpe, both of which mean 
a high-vielding and high-grade material 
The additional substances consisted al¬ 
most entirely of the organic matter re¬ 
sidue of the diatoms themselves, which, 
wdien burned off, left onl v the useful shell 
portion as a fine white powder In other 
lakes the muck contained a higher per¬ 
centage of general plant remains, but 
Melded on incineration an equally con¬ 
centrated diatomaceous mateiial Some 
other lakes in the region found to be 
depositing rich diatomaceous sediments 
aie Allequash, Big, Big Aiboi Vitae, 
Found, Grassv, Little Crooked, Little 
Rice, Lost Canoe, Madeline, Mann, 
Sweeney, Trout, Wildcat and Wolff In 
some the material is localized in quiet 
protected parts of the lake, as in Trout 
Lake, and in others it occupies prac¬ 
tically Ihe entire bottom of the lake, as in 
Wildcat Lake Most of those lake sedi¬ 
ments he under considerable ilepths of 
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water, and consequently, in view of the 
large available quantities of the more 
accessible earth, must be looked upon as 
deposits of potential rather than immedi¬ 
ate industrial value Although only a 
small proportion of lakes in general con¬ 
form to the strict conditions necessary 
to the formation of very pure material of 
this kind, the great number and variety 
of lakes in northern Wisconsin, relative 
to the few studied, suggest the likelihood 
of many such deposits as yet undiscov¬ 
ered m Wisconsin alone, with doubtless 
still others m Minnesota, Michigan, New 
York, New England, southern Canada 
and similar concentrated lake regions 
throughout the world An additional 
benefit of these deposits to the northern 
lake territory is that of a welcome eco¬ 
nomic asset and added means of liveli¬ 
hood in a region that is climatically 
rigorous, agriculturally poor, deprived 
of its forest and otherwise generally 
deplete u^atural resources Reflecting 


upon previous rich collections from other 
lakes of similar type, the writer reex¬ 
amined some of these and found several 
lakes on Cape Cod, and one in Maryland, 
producing such sediments It is impos¬ 
sible to estimate the wealth of material 
which may thus be available and actively 
forming to-day 

Conditions op the Formation of Pure 
Diatomaceous Deposits 

The jirofusion and great variety of 
lakes in the northern Wisconsin region, 
together with the high incidem^e of such 
deposits, suggested a study of the cir¬ 
cumstances under which such pure de¬ 
position takes place, the exact conditions 
and underlying principles of which have 
apparently not been stated heretofore 

For this purpose the topographic and 
limnological features of the lakes were 
studied in connection with various tests 
on mud samples from the bottoms of the 
lakes Such samples were collected with 
the little double-jawed, steam-shovel- 
like clam-shell dredge illustrated in the 
accompanvmg picture This was low¬ 
ered at the end of a line, with the jaws 
open, to sink into the soft mud Then a 
small brass weight slipped down the line, 
released a tugger which allowed spiings 
to snai) the jaws shut enclosing a mud 
sample Imitating, again, in the labora¬ 
tory, the incineration treatment of such 
materials, this mud was dried, burned at 
several hundred degrees, examined 
microscopically and tested for iron, lime 
and other substances to determine its 
diatom purity 

The results of this study soon gave 
evidence of assuming a four-fold inter¬ 
est. (1) The limnological conditions 
necessary to this type of sedimentation 
(2) A generalized and systematic basis 
for evaluating our lake deposits. (3) A 
series of criteria foi prospecting and pre¬ 
dicting further deposits (4) Under- 


DIATOMACEOUS PEAT DEPOSITS 


515 


standing of the formation of our pure 
deposits of fossilized diatom earth 

To most of us lake bottom muds super¬ 
ficially look very similar, brownish-blaek 
and sticky, but examined as above it is 
little short of spectacular to see how dif¬ 
ferent is their composition, scarcely two 
are alike Although many sediments are 
a mixture of various materials, as might 
be expected, it is impressive to note how 
many lakes are forming quite pure 
deposits of one kind or another 

Nature is a great classifier and organ¬ 
izer By the slow sorting of materials 
through differences in mass and gravity, 
by chemical segregation on a large scale 
(solution, precipitation and reaction) as 
the chemist does on a small scale in his 
laboratory, by the separation and elimi¬ 
nation one after another of asso(‘iated 
substances—^by all these, nature achieves 
the accumulation of a certain material 
in one locality or stratum and of some¬ 
thing else m another So the great dy¬ 
namic agencies m the molten lavas within 
the earth have brought about the orderly 
separation of useful minerals Even the 
winds, and more especially the waters, 
of the earth, so frequentlv thought of as 
distributors instrumental in scattering 
substances far and wide, tend to operate 
also in bringing together like materials 
into an orderly grouping Heterogene¬ 
ous mixtures tend to separate into groups 
of homogeneous materials, and order 
comes from chaos 

Thus one lake lays down a bed of 
highly calcareous marl, another accumu¬ 
lates an almost pure organic peat com¬ 
prised of decaying plant remains, and 
still a third deposits only the siliceous 
shells of diatoms to produce a pure dia- 
tomaceous sediment What, then, are 
the highly discriminating conditions of 
such pure deposition? 

One can not but marvel at the forma¬ 
tion of beds many feet in thickness, of a 



TYPICAL DIATOMS PROM LAKE MUD 

SHOWINQ THF FINE STRIK TLRE ON WHICH USE 
FOR FILTRATION, ABRASION, FTC , DEPENDS X 470 

Single material such as diatom shells 
These, accumulating at the very slow 
rate of perhaps no more than one-hun¬ 
dredth of an inch in a year, or less, would 
require thousands of years of uninter¬ 
rupted deposition to form such thick 
beds To attain the \ery high degree 
of purity exhibited by many beds of 
snow-while diatomaceous earth widely 
distributed m the western United States, 
and prevalent in many parts of the 
world, wc must realize that, throughout 
these long periods oi lime, no significant 
change can have occurred, no outside 
material can have entered, to disturb the 
even tenor of this process When we 
think of the strenuous forces of nature 
and the changing influences of civiliza¬ 
tion, it IS hard to conceive of such long- 
continued periods of trampiil and unal¬ 
tered sedimentation, free from intrusion 
of appreciable amounts of foreign ma¬ 
terials due to dust storms or soil erosion 
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Indeed, it is quite probable that many 
lakes, whieh, free of these external fac¬ 
tors, in the past, have laid down 
deposits, may not continue to do so hence¬ 
forth under the disturbing artificial con¬ 
ditions to which they are now subjected 
Ex(*eediugly small amounts of dust or 
eroded soil, for instance, may represent 
a considerable proportion of serious con¬ 
tamination when added to the very thin 
annual increment of diatom shells In 
past ages, absence of cultivated areas 
and the presence of forest cover pro¬ 
tected lakes from these intrusions Onlv 
by the most stringent restrudions has 
nature controlled and maintained such 
puritv of deposition over these vast 
periods of time Time is a very impor¬ 
tant element 

The limnological conditions lequisite 
to the formation of pure diatomaceous 
sediments resolve themselves, a prw)i, 
into tw^o general sets of factors (1) 
those favorable to the abundant produc¬ 
tion of diatoms, and (2) those essential 
to the complete exclusion or elimination 
of all other materials It is obvious that 
the presence of diatoms assures a rich 
diatomaceous sediment, providing all 
other substances are excluded or elimi¬ 
nated, and it IS our hope here to see hov^ 
this IS nicely accomplished in many na- 
tuial bodies of water by the beautilullv 
adjusted association of favoiable factors 

The positne condition of abundant 
production of diatoms is generally well 
satisfied and mav be passed over (juickh 
Diatoms are found almost universally 
distributed in natural w^aters and often 
producing in great abundance In these 
northern lakes conditions are very fav¬ 
orable to abundant production The 
vital nutritive elements are present, with 
a goodly supplv of dissolved silica of 
which the deposits are formed, the wat¬ 
ers are cold, favoring diatoms in prefer¬ 
ence to other forms, keeping down bac¬ 
teria and decomposition, and aiding 


solution of carbon dioxide and oxygen 
essential to diatoms, low decomposition 
and a small influx of basic elements tend 
toward neutral or slightly alkaline reac¬ 
tion favorable to diatom growth, the 
waters are generally clear, with good 
penetration ot light 

It IS rather the negative condition, 
that of exclusion of all other substances, 
that IS more critical and less frecpiently 
satisfied Such foreign and contaminat¬ 
ing substances are best learned by com¬ 
parison of i3ure with impure diatomace- 
oiis earths, and are found to be mainly 
of the following types (1) Organic 
matter, (2) sand, silt and clay, (3) lime 
or magnesia deposits, (4) iron, (5) 
sponge spicules 

Organic matter is always present, if 
not as a contribution from other plant 
and animal remains, then purely by vir¬ 
tue of being a necessary constituent of 
the diatoms themselves This is the case 
with the best bog material discovered in 
not them Wisconsin as described above, 
in which no extraneous plant remains 
were present, but all organic matter was 
that of the diatoms Organic matter 
may be ignored as a serious or perma¬ 
nent contaminant, since it mav easily be 
gotton rid of by burning off, and often 
it may even aid as a supplementary fuel 
in the burning process In nature it 
tends to decompose and oxidize and to 
be ultimately remoyed bv’^ natural proc¬ 
esses, leaving the pure wdiite fossil earth 
vMth which we are more generally 
familiar 

Iron, likewise, is almost uniyersally 
present as a constituent of the Imng 
plant or organism, and when persistent 
IS detrimental to industrial use of the 
earth for many puii>oses In many 
materials, how^ever, it tends to be re¬ 
moved or transferred through the vari¬ 
ous agencies of bacterial action, utili¬ 
zation by further plant growth and 
ultimately by chemical reaction and 
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reduction in the presence of organic 
matter 

The other contaminants above men¬ 
tioned are not necessary constituents of 
diatom growth, and may or may not be 
present When present they can not be 
eliminated by natural processes to even¬ 
tually form pure earths, nor is it feasible 
to use industrially an earth containing 
any appreciable amounts of them or to 
get rid of them artifically For the for¬ 
mation of pure diatom sediments their 
absolute exclusion is essential throughout 
entire duration of the long period of 
deposition 

Among these, sponge spicules are the 
least troublesome and are seldom of real 
importance Very occasionally a layer 
with a high concentration of sponge 
spicules will be found Sponges are 
sensitive and restricted to a slow and 
limited growth in a very narrow environ¬ 
ment, their spicules are relatively heavy 
and not easily transportable, hence 
their contribution to most sediments is 
negligible 

Sand IS raiely a factor iii diatoniace- 
ous deposits Because of its relatively 
much greater weight, water currents 
iisiiallv effect the deposition of sand and 
diatom shells in quite separate locations 

Elimination of the foregoing reduces 
our list of possible contaminating ma¬ 
terials to lime, silt and clav, which are 
by far the most common and most 
troublesome sources of contamination 

Lime or marl is formed by lime-secret- 
ing plants or animals from calcareous 
matter in solution, biought in by inflow¬ 
ing drainage waters When these waters 
do not dram from a limestone region 
and (‘onsequently do not carry calcium in 
solution, as is the case in many of the 
northern Wisconsin lakes, lime is natur¬ 
ally absent from the sediments This is 
no more strikingly demonstrated than by 
comparing the northern lakes with Men- 
dota and Oconomowoc Lakes, which lie 
in the limestone region m southern Wis¬ 


consin In these latter lakes diatom 
production is, if anything, more prolific 
than in the nutrient-low northern lakes, 
but marl is also deposited, rendering the 
sediments correspondingly low in diatom 
content and economically worthless Its 
exclusion is simple and complete under 
the proper drainage conditions as men¬ 
tioned 

Neither so simple nor so certain is 
the complete exclusion of silt and clay 
Having much the same relative density 
as the diatom shells, they are both diflB- 
cult of exclusion and impossible to 
eliminate These materials are almost 
universally distributed, and they are 
accessible to lakes through varied and 
changing agencies of influx, such as dust 
storms, soil erosion or dynamic disturb¬ 
ance of the lake basin itself To prevent 
intrusion of these substances conditions 
must be such as to protoid the lakes from 
their sources, and a study of many lakes 
has revealed the fact tliat physiographic 
and environmental features of lakes are 
chiefly instrumental in this respect 
Thus small- to moilerate-sized lakes sur¬ 
rounded by gentle hills and forest cover 
are protected from the sweep of high 
winds which may otherwise agitate the 
water sufficiently to stir up silt from the 
lake basin itself Run-off and soil ero¬ 
sion are retarded by vegetation cover, 
and a surrounding forest minimizes the 
influx of air-blown detritus Marginal 
growth of wild rice and other aquatics 
growing in shallow lakes is very effective 
in inhibiting agitation and transfer of 
sediments In larger lakes, in central 
or deeper areas far enough removed from 
zones of water agitation to be protected 
from transported detritus, there may also 
be laid down very pun diatom sediments 
under conditions which would seem su¬ 
perficially quite unfavorable This is 
the case with Trout Lake in Vilas 
County, Wisconsin 

The delicacy of adjustment of this 
whole set of conditions lies in the fact 
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A TYPICAL HARD WATER LAKE SUCH AS MAY DEPOSIT DIATOM SEDIMENTS THIS TYPE OP LAKE 
FORMS PFAT CONTAINING A HIGH PROPORTION OF DIATOMS. 


that while clay, silt and lime must be 
kept out, and iron avoided, an ample 
and continuous supply of silica in solu¬ 
tion must be brouprht into the lake waters^ 
for this 18 the material of which the 
diatomaceous sediments are built Cal¬ 
cium and silica alike are brouf?ht into a 
lake ill solution in drainage waters, uti¬ 
lized by organisms in building up their 
bodily structure and precipitated irre¬ 
versibly when they die, as a deposit 
The source of the silica is necessarily an 
external one, i e , the soils of the sur¬ 
rounding terrain, which, hence, must be 
siliceous, and free of lime As has been 
said, when lime (or calcium) is abundant 
a marl deposit is formed, and it is only 
^vhen lime is absent from the drainage 
aiea that a pure diatomaceous sediment 
IS f 1 ee to accumulate 

Clay and silt are almost invariably 
coincident with the source of silica, and 
the waters which bring in the silica in 
solution must not carry in particles of 
the former. This is achieved in several 


ways which arc intimately associated 
with the physiographic features of the 
lake basin Outstanding physiographic 
features of the region are the fact of 
glaciation and the presence of springs, 
and it will be interesting to see how 
these are associated with the formation 
of pure diatomaceous sediments 

Eaily in the investigation it was recog¬ 
nized that springs are very closely re¬ 
lated to rich diatom production Several 
conspicuously fine shallow water sedi¬ 
ments were underlain by springs To 
one's hand, the half a foot of water above 
the fluffy gray mud was very warm in 
the summer sun, but when the hand w^as 
plunged a half a foot below the surface 
of the muck an icy cold temperature w^as 
encountered 

Of the two general types of waters 
that feed a lake, surface inlets or run-off 
and springs or seepage waters, the latter 
are of distinct advantage in every re¬ 
spect, as may be seen by the following 
comparison, 
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A TYPICAL 80rT WATER ACID LAKE, PRODUCINO DIATOMS, BUT LAYING DOWN DEPOSITS PROPORTION 

ATELY LARGE IN ORGANIC MATTER 


Study of the (diaracteristics of a large 
number of springs indicated tliat while 
they contribute abundantly of dissolved 
silica, this contribution is made through 
the undisturbing addition ot cold water 
(filtered free of silt, (day and detritus) 
to the bottom of the lake, bringing in no 
(*ontammatioii This is quite in contrast 
to the heavy load of silty material which 
inflowing streams gather from run-off 
and soil erosion, and often bring in from 
upland areas to spread out through the 
surface waters of a lake, whence it may 
sift down and contaminate all sediments 
Spring and seepage vaters filter slowly 
in intimate contact \vith the soils through 
whi(»h they pass, and numerous anahses 
of spring waters by Birge and Jiidav 
show that their dissolved silica content is 
several times as high as that of the lake 
waters which they feed 

Though springs are thus the ideal 
method of supplying silica and nutrient 
salts with tlie exclusion of all detritus, 
surface drainage w^aters may, under fav¬ 


orable circumstances, fulfill the same 
function, though never with the absolute 
discrimination of the former Sluggish 
streams, filtered through growths of wild 
rice or higher aijuatics about their 
mouths, may often be efficient in bring¬ 
ing 111 clean nutrient-bearing w^aters 

The passage of the ice sheets over this 
region has been either directly or in¬ 
directly responsible for many of the con¬ 
ditions favorable to formation of pure 
diatomaceous sediments Glaciation has 
been of major importance in the follow¬ 
ing wavs 

(1) Formation of iiinunieruhle lakes, which 
servo as places for pioduition and deposition of 
diatoms 

(2) Arrangement of the topography in such 
an apparently disoidered fashion as to inhibit 
development of large and highly erosive diain- 
age systems 

(3) Foi motion of large numbers of seepage 
typo, spring fed lakes 

(4) ProtcMtion of lakes fiom wind erosion 
and watei agitation by chaotically placed hills 

(5) Formation of lake basins from mateiial 
consisting of ground igneous rocks and siliceous 
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sands tiansported from the north, with finer 
soils and lime washed out, this mntonal pecu¬ 
liarly favors diatom production—silica is abun¬ 
dant, lime 18 scnrte 

(6) Providing thus, by their soiting action, 
lake basins in a coarse giained porous substrate, 
pervious to abundant springs and seepage 
waters, drainage systems have been inhibited, 
spiings and seepage waters have been given 
advantage 

(7) With preference to seepage waters, the 
favorable conditions of springs are realized— 
cold waters, fret* of detritus, low in bacteria, 
neutral or slightly alkaline, feeding from the 
lake bottom wuth no disturbance 

Though glaciation has greatly en¬ 
hanced the production of diatomaceous 


sediments in this region, as stated, it is 
by no means indispensible in such for¬ 
mations Application of the same un¬ 
derlying principles indicates that iden¬ 
tical results may be derived in a number 
of somewhat different ways, but follow¬ 
ing essentially the same analytical proc¬ 
ess by which nature sorts and separates 
these materials 

In Florida, not reached by the ice 
sheet, for instance, lakes abound in flat 
or slightly rolling country, their basins 
formed in siliceous sands overlying a 
hard coral sub-stratum They are well 
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protected by wide stretches of flat or 
slightly rolling land covered with prolific 
vegetation, and drained by few or slug¬ 
gish streams Their bottoms are per¬ 
forated by innumerable springs and fed 
by cold siliea-bearing artesian waters, 
originating in higher regions of the 
coastal plain 

In Greenland and Alaska, and similar 
regions, cold waters from melting glacier 
fronts dram over igneous materials, to 
produce m the lower waters of quiet pro¬ 
tected fiords a prolific growth of diatoms 
which settle to form pure deposits 

Likewise, small clean mountain streams 
in the West arising from melting snows 
and ice have brought into dammed-up 
valleys and crater lakes material suitable 
for production of many rich deposits 

All phases of the general subject of 
the conditions of jiure diatomaceous de¬ 
position, as applied to both actively 
forming and fossil deposits, are being 
considered in detail in a monographic 
treatment now being prepared 


It IS manifest that experience and 
familiaritv with the principles of this 
process may aid in locating and recog¬ 
nizing lakes in which active deposition 
of this type is now going on As a 
matter of fact one can stand on the shore 
of a lake and almost predict the presence 
or absence of such deposits On the 
basis of the facts before us it is possible 
to formulate an ideal environment for 
the formation of such pure deposits, as 
that of a small to moderate-sized, rather 
shallow, cold, spring-fed, seepage-type 
lake, lying in a coarse siliceous-sand or 
rock basin, filled with reeds or marginal 
aquatic growth, and well protected by 
isolation in broad, flat, vegetation-cov¬ 
ered country, or surrounded by forest- 
covered hills 

It IS amazing that there are so many 
diatomaceous deposits of such very high 
purity, and yet, when we view the pre¬ 
cision and constancy of these processes 
of nature it is perhaps equally amazing 
that there are not more of them 
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When, in 1843, Colonel John Charles 
Fremont crossed the Rocky Mountains 
and entered the semi-arid, sapre-covered 
deserts of the Par West, he wrote of the 
Indians ‘ ‘ From all that I heard and saw, 
I should say that humanity here ap¬ 
peared in its lowest form and in its 
most elementary state Dispersed in sin- 
p:le families, without firearms, eatinp: 
seeds and insects, dip:p:iim roots 
such IS the condition of the prroater 
part These Indians are now known 
as Western Shoshoni, Northern Paiute 
and Southern Paiute They are divisions 
of the Shoshonean linpruistie family which 
occupied the plateaus and Great Basin 
between the Wasatch Mountains in Utah 
and the Sierra Nevada and Cascade 
Ranges of (-alifornia and Orepfon 
Ethnoprraphic study m recent years has 
confirmed the unanimous opinion of ex¬ 
plorers, trappers and pioneers that the 
Shoshoneans were indeed imjioverished 
The pn eater part occupied a semi-starva- 
tion area where they subsisted upon 
seeds, roots, rabbits, prophers, snakes and 
even insects more than upon larp:e prame 
Necessity compelled them to remain in 
small p:roups, sinp:le families often wan¬ 
der inp: about alone in search of food 
When their slender resources failed, 
starvation was common and cannibalism 
not unknown Their material arts and 
industries were simple During? most of 
the year they lived in crude, improvised 
shelters and windbreaks Their clothinpr, 
if they wore any, was often made of sage 
bark or rabbit skins By any standard, 
they were underprivileged 

But two groups of Shoshoneans were, 
upon the arrival of the white man in the 
West, living in a manner that contrasted 
sharply with the lowly condition of those 


of eastern Idaho and of western W}^)- 
ming were organized in large bands which 
traveled on horseback, hunted bison and 
fought their traditional enemies, the 
Blaekfoot and Arapaho Their fine ap¬ 
pearance and military prowess com¬ 
manded the respect of both white men 
and Indians The Ute of eastern Utah 
and western Colorado, also members of 
the Shoshonean family, were similarly 
organized in well-mounted bands of 
hunters and warriors Both tribes sub¬ 
sisted to a laige extent ujion bison, whudi 
they generally took east of the Rocky 
Mountains They owned tipis, dressed in 
skin garments and lived with an elegance 
far more like that of the tribes of the 
Great Plains than of their own poverty- 
stricken relativ'es to the west 

This extraordinary difference between 
neighboring and closely related members 
of the Hhoshonean family was not 
brought about bv^ any native ineptitude 
on the part of the Western Shoshoni and 
Paiute nor by anv^ special genius of the 
Northern Shoshoni and Ute It vcm the 
result of an entirelv understandable in¬ 
teraction of culture and environment, the 
broad outline of w^hich can be traced for 
more than 1,000 years 

Three economic events are outstanding 
m Shoshonean history First, they ac¬ 
quired the techiiKiues and devices for 
procuring food that made life possible 
in this environment Much later, a por¬ 
tion of them acquired horses from the 
Spaniards who had settled the Southwest 
and experienced fundamental changes in 
certain of their customs Finally, 
modern civilization reached them The 
profound effect of these economic 
changes, especially in shaping and de- 


jusVi^entioned The Northern Shoshoni limiting their social and political pat- 
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terns, underlines the importance of 
human ecology among hunting and 
gathering peoples. 

The mam food resources of the Sho- 
shonean environment are small, hard- 
shelled seeds and small game Large 
game animals were so scarce that the 
population of any people whose subsis¬ 
tence was based primarily upon hunting 
must have been extremely sparse The 
most effective exploitation of the seed 
resources under primitive conditions 
called for a knowledge of basket weaving 
and the manufacture of certain special 
forms for the different steps in gathering 
and preparing seeds To procure rodents 
and other small game m important quan¬ 
tities, a knowledge of certain traps, nets 
and snares was necessary 

Of pre-basketry people in the Sho- 
shonean area, archeology has revealed 
only the slightest traces The archeo¬ 
logical record really opens with the Bas¬ 
ket Maker Indians, the predecessors of 
the Pueblo Indians, yho occupied south¬ 
ern Utah and northern Arizona m the 
early centuries after Christ To them 
must go the credit for solving the problem 
of subsisteii(*e in the desert, for they arc 
known to have used all the essential 
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hunting and gathering techniques em¬ 
ployed by the modern Shoshoneans 
They constructed large, conical baskets 
for gathering wild seeds, basketry trays 
for winnowing them and for parching 
them with live coals, flat stone slabs 
(metates) for grinding them and bas¬ 
ketry bowls for boiling them They even 
made tight baskets in which to carry 
water on their excursions into the des- 
eits They used long nets into which 
they drove rabbits and made snares and 
traps for catching smaller rodents They 
learned to weave robes of twisted strips 
of rabbit fur and of bird skins and to 
make sandals of vegetable fibers With¬ 
out these technujiies, life must have been 
extremely difficult in this country 

The Basket Maker Indians were not 
widely distributed through the West, 
but their entire economic complex, vitli 
the exception of maize farming, which 
they carried on in a small way, spread 
to the ancestors of the Shoshonean In¬ 
dians who were then occupying the west¬ 
ern portion of the Great Basin Arche¬ 
ology of western Nevada provides the 
connecting links between the Basket 
Makers and Shoshoneans A large cave 
contains stratified cultural deposits cov- 
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ermg more than 1,000 years Objects 
from the lowest stratum include hunting 
and gathering devices and clothing which 
are almost identical with those of the 
Basket Makers Those from overlying 
strata, left during subsequent centuries, 
show slight readaptations of the economic 
complex, which, in the latest deposits, 
becomes specifically like that of the 
modern Paiute of this region 

The Shoshoneans, however, did not 
spread throughout the intermontane des¬ 
erts until several centuries after acquir¬ 
ing the Basket Maker hunting and gath- 


did not endure long After one or two 
centuries, the farmers were beset by 
trouble Perhaps several factors con¬ 
spired to their undoing, but one stands 
out Warfare of some kind was forcing 
them to build their latest habitations in 
fortified and inaccessible locations Pos¬ 
sibly they fought wnth eaidi other More 
likelj", new-comers to the area were at 
least partly involved We know that a 
group of hunters entered the Great Salt 
Lake Basin at this time and took up 
residence in caves The Pueblo Indians 
soon disappeared, and shortly thereafter 
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eriiig techniques The archeology of 
Utah and eastern Nevada shows not a 
trace of either Shoshoueaiis or Basket 
Makers In fact, there is little evidence 
of any people until about 1,000 A d , when 
this area became dotted with small vil¬ 
lages of farmer^^o subsisted on maize 
and squash Tnis farm culture, includ¬ 
ing many features, such as house types 
and pottery, had sprung from that of the 
Pueblo Indians, who succeeded the Bas¬ 
ket Makers in the Southwest It had 
spread Up the Colorado River and its 
tributaries and along the fertile pied¬ 
mont of the Wasatch Mountains But it 


the hunters also vanished The fate of 
both peoples is a nnsterv, but it is cer¬ 
tain that neither ^\as related in any 
wav to tlie Shoshoneans 

The archeological record for the next 
700 or 800 years is, except tor western 
Nevada, largely a blank There is no 
doubt, h(me\er, that during this time the 
Shoshoneans, whose artifacts and houses 
are of such a perishable nature that they 
ordinarily leave little archeological evi¬ 
dence, were spreading out into territory 
which they occupied at the opening of the 
historic period The Northern Paiute 
spread throughout western Nevada and 
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penetrated eastern California and south¬ 
eastern Oregon. The Shoshoni came to 
occupy the territory from Death Valley, 
California, through central Nevada and 
southern Idaho to western Wyoming 
The Comanche, who later moved to the 
southern Great Plains, probably formed 
a single group with the Wyoming Sho¬ 
shoni It IS remarkable that the Co¬ 
manche language to-day is almost identi¬ 
cal with that of all Shoshoni, including 
even those of Death Valley The Ute ex¬ 
panded throughout former Pueblo terri¬ 
tory in most of Utah and western Colo¬ 
rado, while the Southerjj Paiute, whose 
language is very similar to that of the 
Ute, occupied southern Utah, southern 
Nevada and even some of northern Ari¬ 
zona and southern California 


Prior to the introduction of the horse 
to the eastern portion of this area, all 
Shoshonean culture was “low^' or sim¬ 
ple Probablv no primitive tribe in the 
world 111 recent centuries possessed fewer 
material goods and utensils nor more ele¬ 
mentary social, political and religious 
customs Isolated in their deserts from 
contacts with higher cultures after the 
Pueblo Indians were driven out, impov¬ 
erished in material wealth and forced 
to subsist on a meager fare of rodents and 
sparsely growing seeds, their native con¬ 
dition gives a very vivid picture of 
human society devoid of elaborations and 
embellishments and stripped to an al¬ 
most irreducible minimum It does not, 
however, represent any ‘^stage’^ of social 
development Each group of human be¬ 
ings has had its own soniewdiat distinctive 
histoiy Although Shoshonean society 
shared certain basic features with all 
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mankind, its special form was the result 
of having to support existence in certain 
environment by means of a specific 
economic complex 

As among all peoples, the molecule of 
Shoshonean society was the family It 
consisted of the father, mother, children 
and perhaps grandparents and aunts 
and uncles Sometimes a man had two 
wnes Sometimes, also, a w’^oman had 
two husbands But social and political 
ties transcending those of the family were 
infrequent and unstable There were no 
clans, no close-knit bands, no true tribal 
units, and, in fact, no men who could 
properly be called chiefs—a state of 
affau*s explained by the exacting nature 
of Shoshonean subsistence actuities 

Shoshonean life was de^oted almost 
exclusively to the unrelenting demands ot 
the food quest Vegetable foods pro¬ 
vided the main staples In early spring, 
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when stored foods were exhausted and 
hunger was acute, each family left its 
winter encampment to forage through a 
country of perhaps 400 to 500 sipiare 
miles First, it sought greens in the 
mountains Later, it wandered through 
the foothills or through the scorching and 
dry deserts to gather seeds, carrying 
water in piteh-coatcd basketry jugs 
Persons who were too old or too infirm 
to travel were made comfortable, given 
water and sueh food as could bo spared, 
and left behind to perish While women 
gathered seeds and tended to their chil¬ 
dren, whom they were often compelled 
to carry on their backs along with the 
general baggage, men hunted mountain 
sheep, deer, antelope, rabbits and ro- 
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dents Game was sou^rht not oiil.v as a 
welcome ingrredient in tlie pot of seed or 
root mush but as a source of skins for 
fifarments and other essential articles 
In the course of these waudennirs, a 
family often encountered other families 
on a similar quest But it was usually 
hazardous for them to remain topfether 


for more than a few days, because nature 
was so parsimonious in her distribution 
of seeds that few rejyions afford a supply 
ample for lar{?e numbers of persons 
This explains why the early explorers 
usually met only sinp:le families or small 
groups of Shoshoneans, trekking wearily 
from place to place on foot and carrying 
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thm entire household equ.pmeut on the.r 

III the fall, however, nature was usu- 
nufsTTr^®^ when the 

r.n f i (P‘nus monophyUa) 

rip.ned This nut was the most impor¬ 
tant species of all Shoshonean foods 

JVevada Where harvests were p««d. 




larRe groups of people foiegathered to 
dance, gamble and visit with friends and 

hU I’emainder of the year 

But these activities lasted only a‘few 
weeks The harvested nuts had to be 
ml to a Im-alitv with firewood and 

Heie they erected a pole and brush lodge 



or ANCIENT 8UMMEB nOUSB 


532 


THE SCIENTIFIC MONTHLY 



SOUTHERN PAIUTE WITH BOW AND ARROWS 

NKAR LAS VE0A8, NEVADA PHOTOGRAPH BY HILLFRS IN 187S 


and stored the seeds nearby If the pine 
nut yield had been jrood, they lived in 
comparative comfort during the winter, 
if not, many of the old and infirm, weak¬ 
ened by hunprer, died 
People preferred to winter always in 
the same locality, which they considered 
home and where they miprht be near a 
dozen or more families of friends and 
relatives. Often, however, }?ood crops of 
seeds, especially of pmyon nuts, occurred 
in very unpredictable localities from 
year to year If a p:ood crop were far 
from home, a family had no choice but to 


travel to that locality and make its winter 
home near the seed supply This erratic 
occurrence of seeds, more than any other 
factor, prevented the formation of per¬ 
manent associations and allejriances be- 
t\^een Shoslionean families 

When pratherinj? seeds, there was no 
way in which several women could co¬ 
operate to increase their production In 
fact, each woman was likely to procure 
less if too many women worked in the 
same seed patch Huntmi', however, was 
different A group of men hunting co¬ 
operatively could take several times as 
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much game as an individual hunter the shaman directed the construction of a 
Consequently, when enough men hap- corral of jumper poles, having a gate to 
pened to be in the same vicinity and when which two long fences converged When 
game was suiBciontly abundant, men this was ready and when antelope were 
joined in communal drives and shared known to be in the vicinity, the shaman 
the kill Drives, however, were rarely undertook to render them docile and 
profitable for more than a few days or a stupid by means of his power Through 
few weeks singing and other measures, he captured 

The most important drives were for the animals’ souls, whereupon, bereft of 
antelope and rabbits Antelope drives their sense, they wandered helplessly— 
were under the charge of antelope sha- though usually encouraged by hunters 
mans or ‘‘doctors,” whose supernatural from behind—into the corral where they 
power was believed to be indispensable to were killed Deer were sometimes also 
the success of the drive First, how- captured in drives aided by the shaman, 
ever, as an essentially practical device, though more often they were hunted in 
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a purely practieal way Rabbit drives 
were always a lay business Several 
long:, low nets (identical with specimens 
found in Basket Maker caves) were 
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placed end to end in a huge semi-circle. 
A crowd of people then beat the brush, 
driving the animals before them into the 
nets and clubbing them to death Along 
certain rivers, especially in the Snake 
River in southern Idaho, families some¬ 
times cooperated in communal fishing 
enterprises. 

Communal pursuits, however, were too 
short-lived to take up the slack in Sho- 
shonean society Husbands and wives al¬ 
ways remained together, carrying on 
their respective and complementary eco¬ 
nomic tasks and caring for their children 
But allegiances between families were 
transitory Pinyoii nut harvests, com¬ 
munal hunts and occasional brief fiestas 
or dances during periods of unusual 
abundance of certain foods were the only 
affairs which were cooperative The 
same families did not always participate 
m these It could not have been other¬ 
wise so loiig as Shoshonean subsistence 
was limited to hunting and gathering 
with the few technical aids—^baskets, 
grinding stones, bows and arrows, traps 
and nets—^at their command 

The Northern Shoshoni and Ute had 
already had the horse for many years 
when first visited by the white man and 
exhibited a very different state of affairs 
The exact date of the introduction of the 
horse is not known, but there is no (|ues- 
tion that it came originally from the 
Spaniards wlio had settled the Southwest 
About 1730, Wyoming Shoshoni war¬ 
riors, having the advantage of being 
mounted, routed their Blackfoot foe, who 
had not yet acquired horses In 1806, 
Lewis and Clark saw many horses among 
Shoshoni on the Lemhi River m Idaho 
Horses were probably transmitted from 
the Southwest through the Ute Indians 
of Colorado and Utah who, at Escalante’s 
visit in 1776, seem to have possessed 
them Thus, by the early part of the 
nineteenth century, when trappers and 
explorers began to open up Shoshoni and 
Ute territory, horses were fairly numer- 


SHOSHONEAN INDIAN CULTURE 


535 


ous They had not, however, spread 
into Western Shoshoni and Paiute ter¬ 
ritory because the grasslands are too 
limited in the Western deserts 

We have no eye-witness account, of 
course, of what the Northern Shoshoni 
and Ute w^ere like before the introduction 
of the horse Very likely the Wyoming 
Shoshoni, who lived in bison country east 
of the continental divide, were much like 
other Plains tribes The other Shoshoni 
and Ute, however, must liave been very 
similar to their km to the west 

The story of the horse in the western 
Great Plains has often been told It 
wrought important changes in Plains 
Indian culture, but these were in the di¬ 
rection of intensification of pre-existing 
patterns rather than innovation It 
facilitated bison hunting, increased war¬ 
fare and generally heightened the tempo 
of all activities Intioduction of the 
horse to the Shoshoneans completely 
revolutionized certain fundamental pat¬ 
terns It opened entirely new possibili¬ 
ties for food getting, laying a foundation 
for social and political forms which had 
previously been impossible It brought 
cultural contacts which resulted m the 
acquisition of many new customs And 
it was responsible for clashes with Plains 
tribes which implanted a militaristic 
spirit 

While having to travel on foot in pre¬ 
horse days, the Northern Shoshoni and 
Ute were no doubt essentially seed gath¬ 
erers, living in small groups like their 
relatives to the west Some bison oc¬ 
curred m both Idaho and Utah, but they 
were limited in number and became ex¬ 
tinct at an early date The introduction 
of the horse freed these Shoshoneans 
from the necessity of wandering tedi¬ 
ously each year through a restricted ter¬ 
rain in search of vegetable foods and 
assured them an ample supply of meat 
Communal hunts on horseback were 
vastly more efficient than drives on foot 
Moreover, it was now possible to travel 


into country where game was far more 
numerous than at home. The earliest 
records show that seasonally the Ute and 
Shoshoni left their deserts and crossed 
the Rocky Mountains to hunt the great 
bison herds on the high plains The 
Wyoming Shoshoni were, of course, bet¬ 
ter situated, having no great distance to 
travel 

But the horse had another and more 
important effect upon social groups The 
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number of iieople who can live together 
m the same community depends upon 
their ability to concentrate their foods at 
a central point So long as they must 
transport everything on their own backs, 
they are more likely to settle near their 
foods than to attempt to carry their 
foods 25 or 50 miles to a central village 
The horse solved the transportation prob¬ 
lem Bison meat and, in fact, such other 
foods as seeds, berries roots and fish were 
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transported by horse to larj^e, central 
encampments where several hundred 
people wintered together Many Idaho 
Shoshoiii, for example, often traveled 
hundreds of miles into Wyoming to hunt 
bison or to western Idaho to trade bison 
skins for salmon and then returned to 
the vicinity of Port Hall to spend the 
winter. 

But this new freedom and security 


from starvation also carried a penalty. 
Hunting in the Great Plains brought the 
Shoshoni into conflict with the Blackfoot 
and, during certain periods, with the 
Crow Indians In fact, the Wyoming 
Shoshoni had been enemies of the Black- 
foot in pre-horse days The strife was 
occasioned not so much by competition 
for hunting land as by a fundamental 
love of warfare which had infected many 
of the Plains tribes War parties set 
forth to gam honors by counting coup, 
taking scalps and stealing horses The 
Shoshoni were never safe during their 
bison hunts But they too succumbed 
to the lure of warfare, and their own 
young men set forth on war parties often 
for the sole purpose of achieving distinc¬ 
tion If things became too hot on the 
Plains, they retired to the comparative 
safety of their deserts, where the Black- 
foot raiding parties seldom dared carrv 
the figlit 

Warfare furthered the social and po¬ 
litical cohesion which the horse and bison 
hunting had made possible. Large 
groups of families not only set forth on 
hunting trips together because of the 
advantages of communal efforts, but re¬ 
mained together for protection against 
raids As these activities required some 
kind of supervision, certain leaders rose 
to great prominence In short, previ¬ 
ously scattered and independent families 
became amalgamated into bands under 
chieftains 

The bands, however, were never per¬ 
manent, and the authority of the chiefs 
was neither absolute nor hereditary In¬ 
stead, influential men attracted a follow¬ 
ing, the size and permanency of which 
was extremely variable Some wielded 
enormous power, like Chief Washakie of 
the Wind River Shoshoni in Wyoming, 
whose influence controlled not only his 
own people but extended into Idaho 
and Utah Chief Ouray similarly com¬ 
manded the respect of a large portion of 
the Ute Other men often gained a con- 
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siderable temporary following only to 
have it disintegrate into a niiinber of 
small bands 

In addition to bringing about this de¬ 
velopment of baud organization among 
Northern Shoshoni and Ute, the horse 
facilitated the introduction of many 
new customs Having greater material 
wealth, especially in bison skins, and 
better means of transportation, people 
largely abandoned pole and brush houses 
for skin tipis They ceased to make 
sage-bark shirts and rabbit-skm blankets 
and wore complete skin shirts, leggings, 
dresses and moccasins, all modeled on 
Plains styles They largely abandoned 
their basketry and made bags and con¬ 
tainers of rawhide like those of their 
neighbors on the Plains And the^ 
learned the manufacture of shields, 
spears, clubs and other war parapher¬ 
nalia and adopted the elaborate system 
of w^ar honors and ritual of the Plains 
Indians More recently, they even in¬ 
stituted the Sun Dance, a t\ pical Plains 
performance 

Meanwhile, the Western Shoshoni and 
Paiute remained at a primitive le\el 
The Southern Paiute adopted a small 
amount of horticulture from the Pueblo 
Indians, but it never be(*ame an impor¬ 
tant factor in their economy When the 
white man arrived, they stole his horses, 
but instead of using them as the North¬ 
ern Shoshoni and Ute had done, they ate 


them The horse, in fact, never became 
important to the Western Shoshoni and 
Paiute because their territory was de¬ 
ficient in grazing lands Instead of ex¬ 
pediting hunting in this area where there 
was little to hunt, horses would merely 
have eaten the very seeds and grasses 
upon which people relied 

The Western Shoshoni and Paiute re¬ 
mained substantially unchanged until 
nearly 1860 By this time, immigrants 
had taken up their best food lands and 
shot their game Tjive stock, ranging 
widely over the country, had seriously 
reduced the quantities of wild seeds 
Suffering acutely from food shortage, the 
Indians attempted to drive the white man 
out Equipped now with a few horses, 
peojile, who had previously mo\ed about 
independently, rallied under w^ar lead¬ 
ers, and fighting broke out in various 
places in Nevada, Utah, eastern Oregon 
and Idaho But these struggles had no 
chance of success and wuthin a few > ears 
wwe subdued, the Shoshoneans^ native 
period now at an end. Since that time, 
they have either attached themselves m 
small groups to ranches or towns in their 
former territory or have moved to reser¬ 
vations Absorption of the white maiUs 
customs has advanced rapidly be(*au8e it 
has been essentiallv a process of adding 
to rather than replacing native customs 
Little to-day remains of aboriginal life 
except in the memories of the old people 
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Many of the early speculations con¬ 
cerning the origin of ore deposits contain 
hardly the slightest element of truth and 
are so enmeshed with astrological theories 
or colored by religious concepts as to be 
of no significance in a scientific discus¬ 
sion, however illuminating they may be 
as a record of the development of the 
human mind from lethargy to credulous 
activity and finally to critical alertness. 
For this reason and also to bring our dis¬ 
cussion within the allotted pages it will 
be necessary to neglect historical back¬ 
grounds and to attempt simply to picture 
in broad strokes the present concepts con¬ 
cerning the origin of ore deposits This 
picture, though drawn mainly for the 
reader unfamiliar with geology, may be 
of interest also to some geologists as em¬ 
phasizing the intimate dependence of 
applied geology upon what we are pleased 
to call pure geology. 

Although in this discussion we shall 
construct a classification of ore deposits 
it is wholesome to remember at the outset 
that however fond we may be of subdivid¬ 
ing our knowledge into classes and con¬ 
structing definitions of the classes these 
are merely devices for our own conveni¬ 
ence, concessions to our ignorance, tricks 
to simplify our thinking They are peda¬ 
gogical misrepresentations of nature’s 
ways, forgivable and useful m the limited 
state of our powers but having no coun¬ 
terpart in nature herself whose dominant 
notes are unity and integration, not di¬ 
vision and isolation. 

Although we commonly think of an ore 
as different from a rock in the sense in 
which ^*rock” is usually used, actually 
all ores are rocks and the boundary be¬ 
tween them IS drawn not by the geologist 
but by the business man at the commer¬ 


cial limit of profitable exploitation. A 
cheaper method of mining or treating or 
transporting nature’s metal-bearing ma¬ 
terials may shift a common rock into the 
category of an ore The general trend 
of improved technology has been to make 
possible the use of lower and lower grade 
materials It is customary and conveni¬ 
ent to restrict the term ore to rocks that 
contain the metals or their compounds in 
workable amounts and we shall concern 
ourselves here only with ores in this 
sense Many non-metalhc elements and 
their compounds also find commercial 
application and some of them have been 
formed by processes similar to those in¬ 
volved m ore formation Occasionally 
some uncritical writer jumps the termi¬ 
nology fence and refers to some deposits 
of the non-metals as ores, such as graphite 
‘^ores” or fluorspar ‘‘ores.” 

What seem to-day to be sound concepts 
of the origin of ores waited for their 
development upon the laying of a firm 
foundation of knowledge of the processes 
by which the commoner varieties of rocks 
have been formed In particular there 
was necessary the clear recognition of the 
two great processes by which rocks are 
formed, namely, vulcanism and sedimen¬ 
tation, and the defining of the criteria by 
which the igneous rocks formed by the 
processes of vulcanism could be distin¬ 
guished from the sedimentary rocks So 
long as great bodies of igneous rock were 
misinterpreted as deposits laid down on 
the ocean’s floor, as commonly happened 
up to the beginning of the 19th century, 
little progress was possible in the inter¬ 
pretation of ore formation, for upon this 
distinction hinges the subdivision of ore 
deposits into their two main categories. 

Although we have stressed the fact 
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that ores are distinguished from the com¬ 
mon rocks by their larger metal content, 
this statement if left unqualified would 
give too simple a concept of their rela¬ 
tionships. It must also be understood 
that ores are a subordinate and very ex¬ 
ceptional variety of rock constituting 
only a small fraction of one per cent of 
the total body of rock that makes up the 
earth’s surface. This is readily realized 
when we recall that large areas of the 
earth’s surface, some of them half a con¬ 
tinent m extent, are devoid of any ore 
deposits This is true, for example, of 
most of northern Africa and of the inte¬ 
rior of Australia Obviously the forma¬ 
tion of ores is very much less common 
than the formation of the common rocks 
and tends to be localized in certain 
regions 

A second point of great significance is 
that as a rule the metal content of the 
common rocks is extremely small as com¬ 
pared with the metal content of even our 
lowest grade ores Thus it has been esti¬ 
mated that the average amount of copper 
m the common igneous rocks is about 01 
per cent whereas 1 per cent may be 
taken roughly as the minimum amount 
in workable copper deposits, a ratio of 1 
to 100 In the case of most other metals 
the contrast would be even more striking 
There is, therefore, a sharp jump in the 
metal content m passing from the com¬ 
mon rocks to those rare rocks that we 
call ores. These two facts, the relative 
variety of the ores and their relatively 
high metal content, clearly show that in 
the formation of ores some process of 
natural concentration has been operative, 
converting, in restricted areas, materials 
poor in metals into small but rich ore 
deposits 

Prom what has been said the reader 
will surmise that our present knowledge 
of the processes of ore formation has been 
acquired part patsu with our knowledge 
of the processes by which the common 
rocks have been formed and later modi¬ 


fied. Almost every process by which the 
common rocks may be formed or modified 
finds its counterpart in some process of 
ore formation, and a list of the processes 
of ore formation becomes virtually a 
classification of all geologic processes. 

It becomes evident, therefore, that ores 
may be formed by many and very dif¬ 
ferent processes, and the situation is 
further complicated by the fact that sev¬ 
eral of these processes may cooperate, 
simultaneously or in turn, in the forma¬ 
tion of a single ore deposit In the fol¬ 
lowing pages we shall try to analyze this 
seemingly complex situation into its 
simple elements 

What IB the nature of those natural 
processes of concentration by which ores 
have been formed t The first great group 
of processes that may produce such con¬ 
centrations are those associated with the 
attack of the air and of the waters of 
surface origin upon the rocks The realm 
of action of these processes is wide¬ 
spread, being indeed coextensive with 
the land surface, but of shallow depth, 
being restricted to the few hundreds of 
feet to which the air and surface waters 
can penetrate the cracks and pores of the 
rocks in significant amounts The effect 
of these processes is to wear down, or 
‘‘degrade,” certain parts of the land sur¬ 
face, but the material thus worn away 
must obviously be deposited elsewhere to 
build up, or “aggrade,” other parts of 
the land surface or the bed of the ocean 
The entire process, first degradation and 
then aggradation, is termed by the geolo¬ 
gist “gradation ” The first great class 
of ore deposits, and by and large the 
class most easily recognized and under¬ 
stood, is the deposits formed by grada¬ 
tional processes. 

Ore Deposits Formed by Grada¬ 
tional Processes 

The various ways in which ores may 
be formed at or near the surface by proc¬ 
esses of gradation may be most readily 
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understood if a few representative in¬ 
stances are cited. In the Mayan and Moa 
districts in eastern Cuba large areas are 
underlain by a common igneous rock that 
contains only between 5 and 10 per cent 
of iron, far too small a percentage to be 
profitably worked This iron is mainly 
in chemical combination with silica and 
alumina Surface waters and the gases 
of the air have, however, waged a con¬ 
stant attack upon this rock and in the 
course of long periods of years in this 
semi-tropical climate they have eventu¬ 
ally produced about 15 feet of an inco¬ 
herent soil that now contains around 50 
per cent of iron no longer combined with 
silica and alumina but with oxygen and 
water and constituting a valuable iron 
ore that has been shipped to Baltimore 
for smelting The valueless components 
of the original rock were in the mam 
carried away in solution, but the diffi¬ 
cultly soluble iron oxides remained as a 
residuum to form what is known as a 
‘‘residuar’ ore While residual ores are 
one of the subordinate varieties of iron 
ores, essentially all the ores of the im¬ 
portant metal aluminum are residual. 
It follows from their mode of formation 
that residual ore deposits are apt to be 
thin but their lateral extent may be con¬ 
siderable 

Seldom if ever does it happen that all 
of the valuable metal or its compounds 
concentrated as a residuum during the 
soil-making or “weathering’^ process 
remains in its original locality Some is 
almost certain to be carried downhill by 
the rim-oflf of surface waters and be de¬ 
posited some distance away, usually in 
admixture with materials from other 
sources In this way were formed the 
“placer” deposits that in past years have 
been one of the world’s great sources of 
gold and that to-day yield a large frac¬ 
tion of the world’s platinum and most of 
the world’s tin The formation of most 
placer deposits involves, however, more 
than the mere movement of the residuum 


of rock decay to a new locality; it in¬ 
volves a further concentration of the 
valuable component durmg this trans¬ 
port In the case of gold, platinum and 
tin deposits these are the heaviest com¬ 
ponents and offer more resistance to 
transportation in streams than the lighter 
components. In the placers of Colombia 
in South America gold and platinum, 
each from different sources, are now min¬ 
gled in the same gravels Since placers 
are sediments they constitute one variety 
of sedimentary ore deposit 
In the degradation of the land surface, 
compounds of the valuable metals con¬ 
tained in the common rocks or in ores 
exposed to weathering are not always 
resistant to the solvent action of surface 
waters but may be partly or completely 
dissolved Once in solution the metals 
may be transported with facility for dis¬ 
tances measured in a few feet or in many 
miles Iron in some of its combinations, 
such as the carbonates, is readily taken 
into solution in the soils and may be 
transported laterally for long distances to 
some lake or an arm of the ocean there 
to be reprecipitated as a sediment rich 
enough in iron to constitute an ore The 
largest iron ore deposits of England, the 
famous Cleveland ores, are iron carbo¬ 
nate beds originating in such a manner 
Such deposits constitute still another type 
of sedimentary ores 
Iron carried to the sea either in true 
solution or in very fine mechanical sus¬ 
pension (colloidal) may also be reprecipi¬ 
tated as the oxide hematite, and some of 
the largest of the world’s iron ore depos¬ 
its, such as those of Lorraine in France, 
of Newfoundland and of Birmingham, 
Alabama, were formed in this way 
Their sedimentary origin is amply at¬ 
tested by the presence in the ore of 
features such as bedding, cross-bedding 
and fossil remains of marine origin, 
features common in the more ordinary 
kinds of marine sediments The precise 
means by which the iron oxides were 
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deposited on the floors of the ancient 
oceans is still far from clear, largely be¬ 
cause deposits of this sort for some unex¬ 
plained reason are not forming in the seas 
to-day. 

Before concluding our consideration of 
the ore deposits that owe their formation 
to the processes of gradation, mention 
must be made of some in the formation 
of which more than one gradational proc¬ 
ess has been involved In the develop¬ 
ment of the greatest of the iron ore 
deposits of the United States, those of the 
Lake Superior region, there was involved 
first the deposition of iron-rich sediments 
in an ancient ocean, then at a much later 
period when these sedimenta had become 
part of the land surface their iron con¬ 
tent was in places approximately doubled 
by the leaching out of components other 
than iron, that is by residual concentra¬ 
tion 

Furthermore, gradational processes of 
concentration are often superimposed 
upon the processes of concentration re¬ 
lated to vulcanism which are next to be 
described Thus, for example, many of 
the great copper deposits formed in the 
first instance by solutions rising from 
volcanic sources have later been notably 
changed when exposed at the surface and 
subjected to oxidation by air and to the 
solvent action of surface waters Copper 
has been dissolved from the portions of 
the deposits nearest the surface, carried 
downward in solution, and redeposited 
deeper down within the ore body To 
this process, which is known as “down¬ 
ward enrichment,“ many of the world's 
copper deposits owe their extraordinary 
richness Others owe their workability 
to this process which raised their tenor 
from below to above a workable grade 
The largest of the copper mines of the 
United States, that of the Utah Copper 
Company of Bingham Canyon, is an 
instance of this sort 

Thus it becomes evident that the fa¬ 
miliar agencies that are operative to-day 


m sculpturmg the landscape—air, the 
surface streams, to a lesser degree under¬ 
ground waters, the lakes and the oceans— 
have been responsible in the past for the 
formation of many of the world's ore 
deposits, among them some of the largest 
and richest. 

Orb Deposits Related to 
Vulcanism 

There remains, however, a great group 
of ore deposits, including most of the 
ores of copper, lead and zinc, silver, tin 
and mercury and the gold ores other than 
placers, about whose origin many uncer¬ 
tainties have existed The mineral veins, 
those sheet-] ike or tabular ore deposits 
following fractures m the common rocks, 
are the commonest, though not the only, 
form of deposit belonging to this group 
One reason for uncertainty concerning 
their origin is not far to seek and is im¬ 
plied by the simple fact that no one has 
ever seen a metalliferous vein in process 
of formation The conclusion to be 
drawn from this is not that mining geolo¬ 
gists have been particularly unobservant 
but rather that the processes of metallif¬ 
erous vein formation take place exclu¬ 
sively far below the surface where they 
are effectively screened from all possible 
human observation Only long after, 
often millions of years after, these veins 
were formed are they finally exposed to 
our eyes and brought within range of 
mining operation by the slow wearing 
down of the surface by the process of 
degradation The metalliferous veins are 
therefore presented to our view fully 
formed and whatever we learn of the 
processes by which they were brought 
into being must be a matter of inference 
rather than direct observation Such 
handicaps serve rather to intrigue the 
geologist than to discourage him, and 
logical inference on the basis of careful 
observation may be a powerful weapon 
for discovery of the truth Let us mar¬ 
shall briefiy some of the observations and 
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inferences that have cleared away many 
though not all of the mysteries that have 
surrounded these ore deposits 

Excluding for the moment all those ore 
deposits that can be shown to have devel¬ 
oped by the processes of gradation and 
centering our attention on other types, 
several broad relationships are of particu¬ 
lar significance First and foremost is 
the fact that regions characterized by 
ores of these sorts are also in general 
characterized by an abundance of igneous 
rocks In short, there is a geographic 
parallelism between the distribution of 
ores and of igneous rocks This parallel¬ 
ism IS strikingly brought out for North 
America in the accompanying chart The 
relationship is too general a one to be 
fortuitous There is, moreover, a second 
broad relation that is almost equally sig¬ 
nificant, namely that the periods in the 
geologic past that were periods of ore 
deposition were also periods of igneous 
activity The combined import of these 
two relationships is that ore formation 
of the sort now under consideration is in 
some way related to igneous activity, 
that IS, to vulcanism in the broadest 
meaning of that term 
Vulcanism, however, is a process that 
is going on to-day at the surface of the 
earth, only locally to be sure, but often 
with a spectacular violence that has 
aroused not only the interest and awe of 
the layman, but inspired the searching 
investigation of the scientist as well The 
processes of vulcanism as displayed at the 
earth’s surface are now known in a wealth 
of detail and are well understood Why 
then, if some ore deposition is a phase of 
vulcanism, is there any uncertainty con¬ 
cerning the ore-forming processes? The 
answer lies m the fact that ore deposition 
is not connected with those processes of 
vulcanism which are observable at the 
surface but with deep-seated vulcanism 
that can not be studied in action 

The relations between igneous rocks 
and ore deposits if viewed on a more re¬ 


stricted scale often confirm in an interest¬ 
ing way the evidence from the broad rela¬ 
tionships The tin, copper and other ores 
of the famous Cornwall district in Britain 
are closely associated with great bodies of 
granite whose coarse to medium textures 
show that they solidified a considerable 
distance below the surface Away from 
the granites mineralization disappears 
The great Braden copper mine in Chile 
and the famous gold deposits of Cripple 
Creek in Coloratlo are strictly localized 
in and around the ‘‘roots” of old vol¬ 
canoes that have been laid bare by ero¬ 
sion Similar instances could be multi¬ 
plied almost indefinitely 
When consideration is narrowed to 
individual ore deposits additional evi¬ 
dences of a relation to igneous activity 
are revealed and a surprising variety is 
found not only in the metals involved 
but in the manner of their association 
with the Igneous rooks Because of such 
differences in association several classes 
of ore deposits may be recognized, each 
related to vulcanism but each formed by 
a little different mechanism of natural 
concentration of the metals 

In the first class are those ore deposits 
that are themselves igneous rocks and 
show clear evidence by the kinds of min¬ 
erals they contain and the way in which 
they are intergrown of direct crystalliza¬ 
tion from molten rock material—or so- 
called ‘ ‘ magma ’ ’ Many of these deposits 
can be traced without break by complete 
transitions into common varieties of ig¬ 
neous rocks containing only small 
amounts of the metals It is evident that 
the processes of natural concentration 
responsible for these ores took place 
either before or during the crystalliza¬ 
tion of the rock from the molten state 
This IS the process known to the geolo¬ 
gist as “magmatic differentiation ” The 
actuality of this process is amply demon¬ 
strated not only by the gradations of 
some ores into common igneous rocks but 
of various kinds of common igneous rocks 
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THE DI8TBIBUTION OP IGNEOUS BOCKS AND OBE DEPOSITS 

A OOMPABISOH OF THE DISTRIBUTION OF lONEOUB ROCKS AND OF ORE DEPOSITS IN NORTH AMBBIOA. 
THOSE ORE DEPOSITS THAT ARE CLEARLY OF SEDIMENTARY ORIGIN HAVE BEEN OMITTED 
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into each other; it is indeed the process 
by which most igneous rocks have been 
formed Among the ore deposits that 
have been formed by magmatic differen¬ 
tiation are essentiaUy all the chromium 
ores of the world, the important platinum 
ores of South Africa, and many of the 
world ^s nickel ores 

Another great class of ore deposits, 
though not themselves igneous rocte, are 
almost always immediately in contact 
with Igneous rocks and may thus be sus¬ 
pected of being related to them in genesis 
Usually the rock in which the ores occur 
IS a limestone, and calcite, the principal 
mineral of limestone, is a common com¬ 
ponent of the ores. The contact between 
the Igneous rock and the ore is commonly 
sharp and the igneous rock usually re¬ 
tains its ordinary composition up to the 
contact It is evident from such sharp 
contacts that the ore is not due to diges¬ 
tion of limestone by molten igneous mate¬ 
rial, nor would such a process offer any 
explanation of the high metal content of 
the contact zone. The mineral composi¬ 
tion of that zone affords, however, a clue 
to what has actually occurred Although 
the limestone away from the igneous con¬ 
tact IS commonly nearly pure calcium car¬ 
bonate, the contact zone contains not only 
calcium carbonate but also calcium sili¬ 
cates in the form of a variety of minerals 
of which garnet is one of the commonest 
It is evident that silica has m some way 
been carried out of the igneous rock 
shortly after its intrusion and crystal¬ 
lization and has reacted with the calcium 
carbonate of the limestone to form cal¬ 
cium silicates. At the same time com¬ 
pounds of the metals, principally with 
sulfur, were introduced. The agents 
that accomplished this transfer were ob¬ 
viously solutions tenuous and mobile 
enough to penetrate the most minute 
pores of the limestone for long distances 
and probably hot enough to be gaseous. 
Ores of the preceding class showed us 
that magmas in many instances contained 


the metals in abundance; ores of the class 
we are now considering show that under 
some circumstances metals and other sub¬ 
stances may be carried out of the crystal¬ 
lizing and cooling magma in solution and 
deposited m the immediately adjacent 
country rock, particularly if that rock 
happens to be an easily altered type such 
as limestone. This is not one of the most 
important classes of ore deposits, but it 
includes many fairly large copper and 
iron deposits, especially in the western 
United States 

Limestones are not, however, the com¬ 
monest types of wall-rocks that border 
intrusive igneous masses The wall-rocks 
may be shales, sandstones, schists, or older 
Igneous rocks, all of them less capable of 
reacting vigorously with the mineralizing 
solutions than are limestones. What will 
be the fate of metal-bearing solutions 
entering such rocks t In the first place 
some chemical reaction between the solu¬ 
tions and these wall-rocks would be inevi¬ 
table although less vigorous than with 
limestone In the second place these solu¬ 
tions would circulate most actively along 
fractures m the wall-rocks and in and 
near such fractures, while the solutions 
moved farther from their source and their 
temperature and pressure declined, their 
metal content would be deposited Along 
such fractures would be formed, there¬ 
fore, the metalliferous veins flanked to 
various distances on either side by partly 
altered wall-rock 

This modern concept of the formation 
of metalliferous veins finds interesting 
confirmation in certain mining districts 
in which there is a concentric or zonal 
distribution of veins of several varieties 
around igneous intrusions, those nearest 
the intrusion showing by the kinds of 
minerals they contain higher temperature 
conditions of formation than those 
farther removed. Contact deposits may 
and often do occur in the same district 
as metalliferous veins, as, for example, at 
Clifton and Morenci in Arizona An 
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igneous intrusion may, of course, be bor¬ 
dered in places by limestones but else¬ 
where by other types of rocks, or lime¬ 
stone next the contact may be succeeded 
by other rocks farther away and metals 
not deposited as contact deposits in the 
limestone may travel on to the outlying 
rocks there to be deposited as mineral 
veins 

Inevitably there will be situations in 
which limestone occurs at a considerable 
distance from an igneous intrusion yet 
still within reach of the mineralizing 
solutions. Under such circumstances the 
mineralizing solutions deposit ores in the 
limestone but the reaction differs from 
that characteristic of ‘^contact deposits 
The silica of the metal-bearing solutions 
instead of combining with the lime of the 
limestones to form lime silicates is depos¬ 
ited in the limestone as silica in the form 
of quartz, the calcite of the limestone 
being at the same time dissolved This 
IS a lower temperature type of reaction 
than that characteristic of the contact 
deposits 

It is of interest to inquire what be¬ 
comes of the mineralizing solutions after 
most of the metals which they carried 
have been deposited. In some instances 
such solutions, probably consisting prin¬ 
cipally of water, join the general body 
of ground water that fills the pores and 
crevices of the rocks for hundreds or even 
thousands of feet below the surface In 
other instances it probably issues at the 
surface as hot springs which are rather 
common in mining regions and which 
often carry the metals in considerable 
variety though never in commercial 
amounts Hot waters containing dis¬ 
solved metals in small amounts are also 
encountered in the underground work¬ 
ings of a few mines developing ore depos¬ 
its of comparatively recent origin, as at 
the famous Comstock lode m Nevada 
They probably represent the dilute mod¬ 
ern counterpart of the solutions that at 
an earlier period deposited the ores 


It is of interest to consider the num¬ 
ber of metals that may be yielded in com¬ 
mercial amounts by a single mining dis¬ 
trict. Especially in the case of iron ores 
only a single metal may be recovered, but 
more commonly a variety of metals is 
obtained even when the mineralization 
seems to have come from a single type of 
igneous source such, for example, as 
granite. Thus at Butte, Montana, where 
Igneous masses of granitic composition 
seem to have been the common source of 
all the ores, copper, lead, zinc, gold, sil¬ 
ver, manganese and arsenic are commer¬ 
cially recovered Often, however, it is 
found that within such a district the rela¬ 
tive proportions of the several metals 
vanes with the distance from the sup¬ 
posed source of the mineralization Thus 
at Butte copper ores predominate nearer 
the source and lead, zinc and manganese 
somewhat farther removed 

If, as most mining geologists have come 
to believe, many ores have been deposited 
by solutions coming from igneous rocks 
during or shortly after their crystalliza¬ 
tion, then we should expect to find certain 
types of ores characteristically associated 
with certain types of igneous rocks In 
many instances this is in fact the case. 
Thus the ores of platinum and of chro¬ 
mium are invariably associated with the 
dark-colored igneous rocks, the so-called 
“basic’’ rocks. In contrast to this the 
ores of tin are almost invariably asso¬ 
ciated with granites Encouraged by 
such relationships it has been the ambi¬ 
tion of economic geologists to definitely 
relate all the varied ore types to various 
types of Igneous rocks Thus far, how¬ 
ever, these efforts have met with very 
partial success for several reasons In 
the first place certain metals such as cop¬ 
per and iron may ue associated in origin 
either with highly siliceous, basic or in¬ 
termediate rocks Nickel may be asso¬ 
ciated in origin either with highly silice¬ 
ous rocks such as granites or with basic 
rocks such as gabbros. In the second 
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place a single mining district is often 
characterized by a great variety of ores 
as well as igneous rocks, and the task of 
relating particular ores to particular 
igneous types is a most uncertain one 
In the third place the solutions given off 
by a single type of igneous magma may 
deposit progressively different types of 
ores as they travel farther away from the 
Igneous source 

The problem of the temperatures at 
which the ores related to vulcanism have 
been formed has always been of interest 
to economic geologists The highest tem¬ 
peratures would of course be expected in 
those ores that are direct crystallizations 
from the magmas and several lines of 
evidence, including direct measurements 
of the temperatures of lavas at volca¬ 
noes, indicate that temperatures of 600 
to 1,300 degrees Centigrade may have 
characterized such deposits at the time of 
their formation For the contact depos¬ 
its developed not in the intrusion but m 
the immediately adjacent wall-rock indi¬ 
rect evidences indicate temperatures of 
from 500 to 800 degrees Prom such rela¬ 
tively high levels the temperatures de¬ 
cline with increasing distance from the 
Igneous source until for some of the more 
remote ore deposits the temperatures of 
formation were probably between 100 
and 200 degrees Centigrade Laboratory 
determinations of the temperature ranges 
at which some of the characteristic min¬ 
erals of ores are stable have been of great 
aid in inferring the temperatures of 
formation of ore deposits though subject 
to some corrections for pressure and other 
factors 

The chemical and physical constitution 
of the solutions from which the ores re¬ 
lated to vulcanism have been deposited 
IS a matter on which there has been wide 
diversity of opinion and upon which 
geologists have only begun to accumulate 
sound knowledge The magmas from 
which those ores that are igneous rocks 
crystallized were highly concentrated 
and extremely hot solutions, rather 


closely analogous to the slags formed 
artificially m our blast furnaces. Even 
these solutions carried highly volatile 
components, as is amply evidenced by the 
steam and other less abundant gases given 
off at active volcanoes. A few geologists 
have concluded that the metalliferous 
veins were also deposited from solutions 
of high concentration differing from 
magmas mainly in their greater metal 
content and have used the term ‘‘ore 
magmas Most geologists, however, 
draw a very definite distinction between 
magmas and the solutions that have been 
given off by magmas and are responsible 
for the deposition of ores m the border¬ 
ing rocks, although admitting that 
transition types may exist They are im¬ 
pressed with the prevailingly sharp con¬ 
tacts between the igneous rocks and their 
wall-rocks which indicate that the mag¬ 
mas have not penetrated the minute pores 
of their walls They are equally im¬ 
pressed on the other hand with the evi¬ 
dence present in nearly all mining dis¬ 
tricts that the ore-depositmg solutions 
have penetrated the rocks in an astonish¬ 
ingly intimate manner, occupying not 
only minute pores but penetrating where 
the highest powers of the microscope re¬ 
veal no pores This can only mean that 
the mineralizing solutions were exceed¬ 
ingly mobile solutions, much more mobile 
than the magmas even at lower tempera¬ 
tures and pressures They were also 
capable of dissolving large amounts of 
mineral matter from the rocks they so 
intimately penetrated while at the same 
time depositing other minerals in the 
place of those dissolved None of the 
components of the ores themselves as we 
find them to-day can explain such mobil¬ 
ity Fusion of the ores as in an open 
hearth furnace does not produce a highly 
tenuous liquid capable of intimately 
penetrating rock pores for long distances 
It seems necessary to conclude that the 
mineralizing solutions owed their mobil¬ 
ity to some component that was not de¬ 
posited with the ores and has since disap- 
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peared, leaving no direct trace of its 
former presence. As the reader has al¬ 
ready surmised, this component was 
probably water, first in the gaseous and 
later m the liquid state There is ample 
evidence that water is a minor but omni¬ 
present component of magmas In the 
first place steam is by far the most abun¬ 
dant of the many gases given off by mag¬ 
mas at active volcanoes Secondly, water 
is an essential component of some of the 
common minerals of igneous rocks, such 
as the micas and hornblende, and it must 
therefore have been present in the mag¬ 
mas from which these minerals crystal¬ 
lized In the third place the analysis of 
gases obtained from crushing fresh ig¬ 
neous rocks %n vacuo shows that water 
constitutes 70 to 97 per cent of the total 
gases collected Measured in per cent 
of the weight of the entire rock, the 
amount of water revealed by analyses of 
the freshest igneous rocks obtainable is 
small, usually a few tenths of one per 
cent. In terms of volume, however, the 
percentage of water reckoned as liquid 
would be 2 J to 4 times as great and reck¬ 
oned in the state in which it must have 
left the magma—namely as gas—its vol¬ 
ume would be many times, indeed tens of 
times, that of the rock from which the 
gases were derived, the exact amount 
depending of course upon the tempera¬ 
ture and pressure of the gas There 
would seem to be little doubt therefore 
of the competence of cooling and crystal¬ 
lizing masses of magma to give off gases 
—chiefly gaseous water—in suflBcient 
abundance to transport the metals in 
large amounts and to form ore deposits 
If lingering doubts remained they might 
be dispelled by the high probability, 
demonstrated by recent work at the Car¬ 
negie Geophysical Laboratory, that mag¬ 
mas in the earlier stages of cooling may 
increase their original water content by 
absorption from the wall-rocks only to 
expel it again as cooling progresses 
further and crystallization goes on. 


As to the precise manner in which the 
components of the ores were transported 
by the highly aqueous solutions, very 
little IS as yet known It is easy to 
understand how some of the common 
components ot ores, such as calcite, may 
be dissolved in aqueous solutions carry¬ 
ing carbon dioxide gas and precipitated 
when this gas escapes Quartz, another 
common mineral in ores, though diffi¬ 
cultly soluble m water at ordinary tem¬ 
peratures is greatly more soluble at 
elevated temperatures Many of the 
metallic components of ores, such as 
gold, platinum, the oxides of tin and iron 
and many others, are practically insolu¬ 
ble in pure water even at elevated tem¬ 
peratures Some special mechanism is 
necessary for their abundant solution 
and transport in mineralizing solutions 
The problems involved are too varied and 
intricate to be discussed in a non-tech- 
nical article, but two general considera¬ 
tions must be kept in mind m any at¬ 
tempts to solve them In the first place, 
some of the components of the ores may 
be transported in those exceedingly fine 
mechanical suspensions commonly termed 
“colloidal solutions“ rather than in true 
solution Among the ores of the type 
related to vulcanism there are many 
whose unusual agate-like textures indi¬ 
cate deposition from colloidal suspension 
While colloidal deposition is less common 
than deposition from true solutions, its 
possibility should be kept constantly in 
mind In the second place, even when 
considering transport in and deposition 
from true solutions it should be remem¬ 
bered that some of the familiar elements 
present in our ores may at high tempera¬ 
tures enter into unfamiliar combinations 
It has been suggested that such com¬ 
pounds as S1H4, S1F4 and H2S1P0, as 
well as compounds of silicon and sulfur, 
may be important components at high 
temperatures of the solutions given off 
by crystallizing magmas 
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“Without doubt the first three 
This was the emphatic answer which 
Charles Darwin gave when as an old man 
he was asked which years of life he con¬ 
sidered the most “subject to incubative 
impressions “ There is much evidence 
that he was deeply intrigued by the phe¬ 
nomena of human infancy. 

Darwin’s mind ranged over all natural 
phenomena—geology, botany, zoology, 
anthropology The same passionate in¬ 
quisitiveness as to the genesis of things 
which caused him to spend years of exact¬ 
ing study on his “beloved barnacles“ led 
him also to set down abundant notes on 
the behavior of his babies He was the 
father of ten—six sons and four daugh¬ 
ters, born within a period of seventeen 
years. The tenderness and sympathetic 
insight which he displayed as a parent 
are well known Less recognized is the 
significance of his work in the scientific 
study of child development. 

Human infancy is full of enigma. 
Grave perplexities arose m the minds of 
pre-Darwinian theologians who tried to 
explain the imperfection, or as they 
called it, “the pettishness“ of childhood 
The problem of crying troubled the dis¬ 
cussions of hereditary guilt Saint Au¬ 
gustine insisted that the crying of a baby 
is not sinful, and therefore does not de¬ 
serve eternal damnation We shall see, 
presently, how Darwin approached this 
ancient riddle of the infant’s cry. 

Darwin’s perplexities were those of a 
naturalist His mind had a scientist’s 
“naked need for ideological order.” 
This order he tirelessly sought. 

Mj first notebook (on the transmutation of 
species) was opened in July 1837 I worked on 
true Baconian principles and without any theory 
collected facts on a wholesale scale. . In 
October 1838, that is fifteen months after I had 


begun my systematic enquiry, I happened to 
read for amusement Malthus on Population. . • • 
My first child was born on December 27, 1839, 
and I at once commenced to make notes on the 
first dawn of the various experiences which he 
exhibited, for I felt convinced, even at this early 
period, that the most complex and fine shades 
of expression must all have had a gradual and 
natural origin. 

From the foregoing dates it is clear 
that the study of infant behavior very 
early contributed to the formation of 
Darwin’s ideas He converted the 
enigma of infancy into one more touch¬ 
stone for understanding the origin of 
species. Much as he admired Sir Charles 
Bell’s writings, he could not believe, with 
Bell, that man had been created with cer¬ 
tain muscles specially adapted for the 
expression of feelings. 

And so Darwin began a series of obser¬ 
vations and even a few benign experi¬ 
ments on his newborn son, “Doddy ” 

On the seventh day I touched the naked sole 
of his foot with a bit of paper, and he jerked 
it away, curling at the same time his toes, like 
a much older child when tickled. The perfec¬ 
tion of these reflex movements shows that the 
extreme imperfection of the voluntary ones is 
not due to the state of the muscles or of the 
coordinating centers, but to that of the seat of 
the will. . . . 

When this child was about four months old, 
I made in his presence many odd noises and 
strange grimaces, and tried to look savage; but 
the noises, if not too loud, as well as the grim¬ 
aces, were all taken as good Jokes; and I attrib¬ 
uted this at the time to their being preceded or 
accompanied by smiles. When five months old, 
he seemed to understand a compassionate ex¬ 
pression and tone of voice. 

The recorded observations of Danvm’s 
infant covered a wide range of subjects 
such as vision, winking, hearing, anger, 
fear, pleasurable sensations, affection, as¬ 
sociation of ideas, reason, left-handedness, 
moral sense, unconsciousness, shyness, 
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language, sjrmpathy. Thirty-seven years 
later (1877) the diary records reappeared 
as “A Biographic Sketch of an Infant,'^ 
published in Mxnd, the British Quarterly 
Review of Psychology and Philosophy 
The manuscript was submitted to the 
editor with characteristic self-depreca¬ 
tion : ‘‘I cannot judge whether it is worth 
publishing, from having been so much in¬ 
terested in watching the dawn of the sev¬ 
eral faculties in my own infant Dar¬ 
win was remembering the ‘^flne degree of 
paternal fervour** which had prompted 
him as a young father and scientist to 
declare, had not the smallest concep¬ 
tion there was so much in a five-month 
baby ** 

Darwin *s observations of infants were 
by no means limited to his first-born He 
renewed his observations on Doddy*s 
brothers and sisters, concentrating on the 
characteristics of instinctive and emo¬ 
tional behavior The most valuable and 
systematic data were incorporated in his 
famous essay on ‘‘The Expression of the 
Emotions in Man and Animals** (1872). 
Darwin had first intended to treat the 
subject in a single chapter of his “De¬ 
scent of Man,** but the essay inevitably 
expanded into a book—a book which a 
theological reviewer immediately de¬ 
scribed as “the most powerful and insidi¬ 
ous of all the author*s works.** 

This volume exhibited in an eminent 
degree, as his friend A R Wallace re¬ 
marked, the author*s restless curiosity 
and an insatiable longing to discover 
underljang causes Darwin left no stone 
unturned m his search for data He car¬ 
ried on a heavy correspondence, circulat¬ 
ing printed inquiries among physiolo- 

1 Darwin added that he would never have 
thought of sending the manuscript had not an 
article by M Taine appeared in translation in 
an earlier issue of Mind* When Tame contrib¬ 
uted the original article, ''The Acquisition of 
Language by Children,’^ to the Bevue Philoao- 
phique (January, 1876) he commented that his 
observations had been interrupted by the calami¬ 
ties of the year 1870—-calamities that are now 
repeating themselves, less than 70 years later. 


gists, physicians and missionaries, on 
items such as follow. (11) Is extreme 
fear expressed in the same general man¬ 
ner as with Europeans T (4) Do the chil¬ 
dren when sulky, pout or greatly pro¬ 
trude the lipst (16) Is the head nodded 
vertically in aflSrmation, and shaken 
laterally in negation 7 

Nothing better illustrates Darwin *8 
method of investigation and his outlook 
on the phenomena of child development 
than his studies of the age-old problem 
of infant crying He observed frowning, 
pouting, screaming, tears, weeping in his 
own children He plied his friends to 
make similar observations In a letter 
to Huxley he asks Mrs Huxley “to look 
out when one of her children is struggling 
and just going to burst out crying ** 
And he adds, “A dear young lady near 
here plagued a very young child for my 
sake, till he cried, and I saw the eye¬ 
brows for a second or two beautifully 
oblique, just before the torrent of tears 
began . . ** 

Par from being a trivial incidental, the 
obliqumg of the eyebrows and the con¬ 
traction of the muscles around the eyes 
became a topic of persistent research. He 
analyzed Duchenne*s photographic rec¬ 
ords of the facial muscles under galvanic 
stimulation He consulted paintings and 
sculptures He gathered data from 
asylums for the insane. He enlisted 
keepers of the zoo and he also closely 
watched his own cats and dogs From 
London and Hamburg he secured photo¬ 
graphs of crying children, many made 
expressly for him (He remarks, “I 
found photographs made by the instan¬ 
taneous process the best means of obser¬ 
vation, as allowing more deliberation.** 
How he would hfi\o delighted in the 
delineations of cinema records had they 
been available to him’) 

Probing deeper into the phjrsiology of 
the weeping eye he enlisted the help of 
Professor Donders, of Utrecht, who car¬ 
ried through an elaborate experimental 
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study on the action of the eyelids in the 
determination of blood flow from expira¬ 
tory effort Even after the publication 
of the volume on ** Expression of the 
Emotions/* Darwin kept m touch with 
Donders, pursuing still further the prob¬ 
lem of orbicular contraction. think/* 
he writes, “it would be worth while to 
ascertain whether those born blind, when 
young, and whilst screaming violently 
contract the muscles round the eyes 
like ordinary infants. And, secondly, 
whether in after years they rarely or 
never frown ** Always alert to alterna¬ 
tive possibilities, he continued with char¬ 
acteristic avidity for facts, “If it should 
prove true that mfants born blind do not 
contract their orbicular muscles whilst 
screaming (though I can hardly believe 
it) it would be interesting to know 
whether they shed tears as copiously as 
other children ** 

It was not Darwin *s habit to termi¬ 
nate his investigations Soon after pub¬ 
lication he began to revise his volume 
on “Expression ** Ills cousin. Gallon, 
called attention to an omission “Was 
it not universal among blubbering chil¬ 
dren (when not trying to see if harm 
or help was coming out of the corner of 
one eye) of pressing the knuckles against 
the eyeballs, thereby reinforcing the or¬ 
bicularis?** Almost apologetically, Dar¬ 
win says he should have thought of this 
point “As far as my memory serves, 
they do not do so whilst roaring, m 
which case compression would be of use 
I think it is at the close of the crying 
fit, as if they wished to stop their eyes 
crying, or possibly to relieve the irrita¬ 
tion from salt tears I wish I knew more 
about knuckles and crying ** 

Darwin *s approach to the problem of 
child behavior is comparative He is 
equally interested in the pouting of the 
European child, of Kafir, Fingo, Malay, 
Abyssinian, orang and chimpanzee He 
finds that discontented primates protrude 
their lips to an extraordinary degree. 


Europeans to a lesser degree, but that 
among young children lip protrusion is 
characteristic of sulkiness throughout the 
greater part of the world He felt cer- 
tam that our progenitors protruded their 
lips when sulky and disappointed. In¬ 
deed, the study of emotional expression 
strengthened the conclusion that man is 
derived from some lower animal form. 

Comparative psychology to-day has 
taken on a limited connotation which 
makes it almost synonymous with ani¬ 
mal psychology For Darwin, the natu¬ 
ralist, comparative psychology was more 
capacious, it was truly comparative. He 
was primarily interested in phyletic im¬ 
plications, and the breadth of Romanes* 
work in this field appealed to him In 
a letter (to Romanes, 1878) he compared 
half playfully, half seriously, the intel¬ 
lect of a young monkey and that of his 
two-year-old grandchild (Frank*s son). 
He saw in the thinking of deaf-mutes 
“one of the richest of all mines, worth 
working carefully for years, and very 
deeply ** Again, half seriously, half hu¬ 
morously, he relayed a significant sugges¬ 
tion to Romanes “Frank says you ought 
to keep an idiot, a deaf-mute, a monkey, 
and a baby m your house’** 

Darwin was not a psychologist, but he 
had already inaugurated concepts of life 
and growth which were to revolutionize 
the psychological formulations of child 
development He profoundly influenced 
G Stanley Hall, a young scientist who 
became a powerful exponent of Darwin¬ 
ism m America With fertile suggestive¬ 
ness and comprehensiveness, Hall applied 
the concepts of evolution to the mind of 
the child and of the race Hall also be¬ 
came the father of a nation-wide child 
study movement which liberalized ele¬ 
mentary education and led to scientific 
advances in the study of child develop¬ 
ment 

This movement in its mixture of em¬ 
pirical fact-finding and zeal for social 
welfare was characteristically American. 
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PAGE ONE AND PAGE EIGHT OE A LETTER WRITTEN BY CHARLES DARWIN TO MRS EMILY TALBOT, SEC 
RETAEY OF THE EDUCATION DEPARTMENT OF THP AMERICAN SOCIAL SCIENCE ASSO( lATION 


It began to take definite shape in the 
early eighties Vast areas of prejudice 
and Ignorance had to be overcome, but 
this did not dampen the ardor of the 
pioneers who, as we shall see, called upon 
Darwin for help, the year before he died 
at Down 

The American Social Science Associa¬ 
tion had just been founded In 1881, 
Mrs Emily Talbot, enterprising secre¬ 
tary of its education department, issued 
a circular in which she referred to the 
new investigative spirit of the time, 

. . the intelligence of animals, even coming 
in for a due share of attention . . Eecently, 

some educators in this country have been think¬ 
ing that to study the natural development of a 
single child is worth more than a Noah’s Ark 
full of animals. . . In this belief the Educa¬ 

tion Department of the American Social Science 
Association has issued the accompanying Eegis- 
ter, and asks the parents of very young children 
to interest themselves in the subject— 

1. By recognizing the importance of the study 


of the youngest infants 2 By observing the 
simplest manifestations of their life and move 
ments 3 By answering fully and carefully the 
questions asked in the Register 4 By a careful 
record of the signs of development during the 
coming jear, each observation to be verified if 
possible by other members of the family 5 By 
interesting their friends in tho subject and for¬ 
warding the results to the Secretary 6 Above 
all, by perseverance and exactness in recording 
these observations 

From tho records of many thousand observers 
in the next few years it is believed that impor¬ 
tant facts will be gathered of great value to the 
educator and to tho psychologist 

This ambitious program did not, how¬ 
ever, fail to awaken '^ome resistance and 
satire Noah’s Ark was still tar from a 
metaphor to large sections of the popu¬ 
lation who fumed or laughed at Charles 
Darwin, author, m 1859, of that shock¬ 
ing, green-covered volume entitled, “The 
Origin of Species ” As late as 1889, a 
lecture on “The Scientific Study of In¬ 
fant Intelligence” proved a popular sue- 
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cess by reason of the fun it poked at the 
new child study (The lecture was given 
in “The Mechanics Course’* of the Shef¬ 
field Scientific School of Yale University, 
and some months later before the Scien¬ 
tific Society of Bridgeport, Connecticut, 
by Henry T Blake ) 

With devastating good nature, the lec¬ 
turer cited the assiduous experiments of 
Professor Preyer, Monsieur Perez, Herr 
Kussmaul and Dr. Darwin, with repeated 
ironic reference to the doctor’s family 
pride in his simian tree-dwelling fore¬ 
fathers Referring to the registers of 
the American Social Science Association, 
the lecturer concluded: 

The registers will go like la grippe into every 
house. Mothers, sisters, aunts, grandfathers, of 
course, possibly even fathers, will engage in the 
scientific study of infant intelligence, and the 
menta of the newly born generation will bo 
rolled into the fold of a permanent record with 
as much precision and certainty as we used to 
operate last year *8 puszle of ^ * The-little-pigs-in- 
clover.'' Every properly constituted University 
and every Scientific Association will have its 
cradle of science and its baby chair of philoso¬ 
phy Under the stimulus of registration also, a 
vast improvement may be hoped for in the qual¬ 
ity of the registered article 

This ridicule was entertaining, and not 
always amiss But to-day the ironic 
prophecy has a new irony—it has come 
true Every well-constituted university 
m America now has a chair or courses 
in child psychology, and a nursery school 
for preschool children has almost become 
a standard feature of the academic 
campus 

Charles Darwin took the American 
Social Science Association Register of 
Infant Development more seriously than 
our popular lecturer With a courtesy 
which was typical of him, he addressed 
a lengthy letter to Secretary Emily Tal¬ 
bot. This letter is so revealing that it is 
here reproduced in full* 

* The original eight page letter in Darwin’s 
own hand is now in the possession of Professor 
Marion Talbot, daughter of Mrs Emily Talbot, 
who kindly provided us with a photostatie repro¬ 
duction. 


July 19" 1881 

Down 

Bsokxnham, Kknt 
Bailway Station 
Orpington, 8.EJEL 

Dear Madan 

In response to your wish I have much pleasure 
in expressing the interest which I feel in your 
proposed investigation on the mental & bodily 
development of infants—Very little is at pres¬ 
ent accurately known on this subject, & I believe 
that isolated observations will add but little to 
our knowledge, whereas tabulated results from 
a very large number of observations systemati¬ 
cally made, would perhaps throw much light on 
the sequence & period of development of the 
several faculties This knowledge would prob¬ 
ably give a foundation for some improvement in 
our education of young children, & would show 
us whether the same system ought to be followed 
in all cases 

I will venture to specify a few points of 
enquiry which, as it seems to me, possess some 
scientific interest For instance does the educa¬ 
tion of the parents influence the mental powers 
of their children at any age, either at a very 
early or somewhat more advanced stage f This 
could perhaps be learnt by school masters or 
mistresses, if a large number of children were 
first classed according to age & their mental 
attainments, & afterwards in accordance with 
the education of their parents, as far as this 
could bo discovered As observation is one of 
the earliest faculties developed in young chil¬ 
dren, & as their power would probably be exer¬ 
cised in an equal degree by the children of edu¬ 
cated & uneducated persons, it seems improbable 
that any transmitted effect from education would 
be displayed only at a somewhat advanced age. 
It would be desirable to test statistically in a 
similar manner the truth of the often repeated 
statement that colored children at first learn as 
quickly as white children, but that they after¬ 
wards fall off in progress. If it could be proved 
that education acts not only on the individual, 
but by transmission on the race, this would be a 
great encouragement to all working on this all- 
important subject 

It IS well known that children sometimes ex¬ 
hibit at a very early age strong special tastes, 
for which no cause can be assigned, although 
occasionally they may be accounted for by rever¬ 
sion to the taste or occupation of some progeni¬ 
tor, & it would be interesting to learn how far 
such early tastes are persistent k influence the 
future career of the individual. In some in¬ 
stances such tastes die away without apparently 
leaving any after effect, but it would be advis¬ 
able to know how far this is commonly the case; 
as we should then know whether it were impor- 
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taut to direct, as far as this is possible, the early 
tastes of our ehildren. It may be more benefleud 
that a child should follow energetically some 
pursuit, of however trying a nature, and thus 
acquire perseverance, than that he should be 
turned from it, because of no future advantage 
to him 

I will mention one other such point of enquiry 
in relation to very young children, which may 
possibly prove important with respect to the 
origin of language, but it could be investigated 
only by persons possessing an accurate musical 
ear. Children even before they can articulate 
express some of their feelings & desires by noises 
uttered in different notes For instance they 
make an interrogative noise, & others of assent 
and dissent in different tones, & it would, I 
think, be worth while to ascertain whether there 
is any umformity in different children in the 
pitch of their voices under various frames of 
mind 

I fear that this letter can be of no use to you, 
but it will serve to show my sympathy & good 
wishes in your researches 

I beg leave to remain 

Dear Madam 

Yours faithfully 

Cbables Dakwim 
T o Mbs Emilt Talbot — 

The most concrete contribution which 
Darwin made to the embryonic science of 
child psychology was embodied in his 
volume on “Expression of Emotions " 
Here he deployed his genius as a natu¬ 
ralist with the same penetration which 
he brought to bear on barnacles, coral 
atolls, orchids and earthworms lie did 
not set himself up as a psychologist, in¬ 
deed he never entirely escaped a certain 
naive dualism in his views of the human 
mind But it was as a naturalist that 
he addressed himself to the far-reaching 
problems of fear, rage and affection He 
attacked them with a boldness, objec¬ 
tivity and freshness which make much 
present-day discussion of similar subjects 
seem somewhat anemic in comparison 
We may well go back to Darwin for 
vitalization of outlook and even of 
method For the scientific study of child 


development is m need of the natural¬ 
ist’s breadth of vision 
The present year marks a significant 
anniversary It was exactly one hun¬ 
dred years ago that Darwin first clearly 
conceived his epoch-making theory. His 
chief contribution to the intellectual 
thought of his time lay in his percep¬ 
tion of the gradual genesis of all livmg 
things, including the genesis of the hu¬ 
man mind. The developmental outlook 
upon nature and upon its vast web of 
organic life led to profound revisions in 
the interpretation of childhood The 
concept of evolution with all its corol¬ 
laries introduced a new and humanizing 
kind of relativity Even New England 
divines, still wrestling with Calvimstic 
and Augiistmian ideas of original sin, 
softened their doctrines of infant bap¬ 
tism The new naturalism proved to be 
a solvent of the gloomier beliefs of fixity 
and fate So pervading was Darwin’s 
infiiience that it has been said that he 
won for man absolute freedom in the 
study of the laws of nature 
Without that freedom it would be im¬ 
possible to penetrate into the meaning of 
human infancy and into the nature of 
child development. The modern scien¬ 
tific study of child development is in 
itself a social assertion of a free spirit 
of truth If that spirit is trammeled m 
any way, man will never know himself, 
because to know himself he must under¬ 
stand clearly the processes by which he 
came to be, the processes of child develop¬ 
ment So we can scarcely err in paying 
tribute to Charles Darwin, remover of 
trammels, even though we realize that 
science m its most organic sense is a 
.social phenomenon, a cultural product. 
Darwin, more than .iny other single indi¬ 
vidual, initiated the genetic rationalism 
which now characterizes the investigation 
of human infancy. 



LIFE AND HABITS OF BUMBLEBEES 

By Dr. T. D. A. COCKERELL 

PROFESSOR EMERITUS OF ZOOLOGY^ UNIVERSITY OF COLORADO 


There are thousands of kinds of wild 
bees in North America, few of them 
known to any but specialists, and many 
of them still unknown to the specialists, 
still awaiting discovery and description 
Among all these, the bumblebees are few 
in species, usually perhaps about a dozen 
kinds in any one limited region, but they 
are so large, so common and so frequently 
beautifully colored, that one must be 
stupid indeed not to have noticed them 
The ancient Greeks had a word /3om/3os, 
or pofjL0fi\Losy which was apparently 
used for the bumblebee, though very 
likely for other bees as well The first 
of these words becomes in Latin Bomhus, 
which IS the scientific name of the bumble¬ 
bees to-day The second, latinized to 
Bombyhus, has been applied to those 
fuzzy hovering flies, which m the grub 
state are often parasitic in nests of wild 
bees The two modern, semi-popular 
books on bumblebees are those of F W 
L Sladen and Otto Emil Plath The 
reader will at once notice that Sladen's 
book, published in England (1912), is 
called “The Humble-Bee ’’ That of 
Plath, published in the United States 
(1934), IS “Bumblebees and Their 
Ways Humble or bumble, which is it 
to be? If we go back to the Greeks, or 
to the scientific designation, it is evi¬ 
dently Bumble But the Germans write 
Hummel, and the Oxford Dictionary 
quotes a passage dating from 1450, re¬ 
ferring to “the grashop and the humbyl- 
bee in the medow Shakespeare also 
wrote it humble bee (Midsummer Night’s 
Dream) The two names were evidently 
contemporaneous, for we find bombyll bee 
in 1530, and bumble bee in 1681 
There are many reasons why bumble¬ 
bees should attract attention. They are 
not only objects of beauty, but they illus¬ 
trate certain principles of biology m a 


striking manner We often think of life 
as a struggle for existence between indi¬ 
viduals and species, but the principle of 
cooperation is continually developing 
among quite diverse groups It may be 
said to have begun when the most primi¬ 
tive one-celled creatures united to form 
many-celled animals and plants, with 
specialized cells and organs—^a form of 
cooperation which made possible all the 
higher developments of life It took on 
another aspect when social organisms 
developed in the sea, of such a character 
that it is hard to say whether we have 
one animal or a colony of many Among 
the insects, we have the wonderful socisd 
communities of the bees, the ants and the 
termites, so closely resembling, in certain 
respects, human society Long before 
our species existed, these insects must 
have had their organized societies, which 
were then the highest expression of com¬ 
munity life It is natural to ask, if the 
insects thus had a start on us by so many 
million years, how is it that they have not 
progressed to the human level ? The an¬ 
swer must be, that they are governed by 
instinct, and for that reason, socialists 
though they may be, are exceedingly con¬ 
servative They continue in the same 
way, age after age, with little change 
Man, having in a far greater degree the 
direction of his own affairs by voluntary 
efforts, IS able to progress, but, alas! by 
the same token able to make mistakes 
What intelligent person can avoid 
some curiosity to know how all these 
things came about? We can not live 
through the ages, and personally witness 
the drama of evolution, but we can com¬ 
pare different stages of the process which 
are still available to us If we are deal¬ 
ing with objects of art, we can arrange 
those of different periods, so that it is 
possible to see the developments from 
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century to century In the case of in¬ 
sects, we have indeed some assistance 
from the fossils, but still more from the 
numerous species still living, which have 
become fixed, as it were, at different lev¬ 
els of development. Among the bees, we 
can arrange series showing the develop¬ 
ment of the tongue, the wings and other 
organs. Now the bumblebee, with its 
long tongue, is an advanced form, yet in 
its social organization it is much more 
simple than the honey-bee; it supplies us 
with a picture of a relatively primitive 
bee-society, throwing light on the origin 
of such societies It is not, however, m 
the line of ancestry of the honey-bee, 
though distantly related The two groups 
have many differences m structure, and 
must be regarded as different branches 
of the same trunk. 

Another biological tendency illustrated 
by the bumblebee group is that of para¬ 
sitism There is m nature (even in 
human nature) a tendency to live at the 
expense of others Sladen describes a 
case in which a nest of Bombus lucorum 
was invaded by a queen of B terrestris, 
which killed the B lucorum queen and 
was getting the B lucorum workers to 
rear her young This seems to illustrate 
the beginning of a process which, during 
the long ages, has led to the evolution of 
a distinct genus, called Psithyrus, the 
members of which similarly establish 
themselves in Bomhus nests, and are in 
fact quite unable to live independently 
There are very many groups of parasitic 
insects, which must have arisen inde¬ 
pendently There are several kinds of 
parasitic bees, in no way resembling 
Psithyrus. But Psithyrus looks so ex¬ 
actly like an ordinary bumblebee that at 
first sight there seems to be no difference 
It is impossible to doubt that these para¬ 
sitic bumblebees arose from working an¬ 
cestors, and have now lost the power to 
provision their own nests This is shown 
by the fact that the queens and workers 
of Bombus have a large shining space on 
the hind legs for the collection of pollen. 


whereas the Psithyrus has nothing of the 
kind, only a convex surface covered with 
hair Sladen found six kinds of Psithy^ 
rus in Britain, each breeding in the nest 
of a special kind of bumblebee Plath 
observed that in two cases, at least, an 
American species of Psithyrus had two 
different bumblebee hosts In any case, 
however, the parasitism is not indiscrimi¬ 
nate, and we find that there is commonly, 
but not always, a striking resemblance m 
color-pattern between the parasite and 
host One wonders whether the different 
kinds of Psithyrus all came from the same 
ancestor, or developed independently 
from different groups of Bombus; and 
why there are not enough sorts of 
Psithyrus to go around, some species of 
Bombus being apparently without such 
parasites 

With regard to the color pattern, the 
true Bombus not only shows a good deal 
of variation, but also, in a very curious 
way, similar patterns in the same dis¬ 
trict, in bees which are structurally very 
distinct Thus in central Asia there is 
a district where the bumblebees are pret¬ 
tily marked with white, and without 
careful study, quite different kmds could 
be confused together 

The bumblebees are especially found 
in the temperate regions of the northern 
hemisphere, but also on the mountains, 
and in South America, where the great 
Andean range runs north and south, they 
not only occur at very high altitudes in 
Peru, but extend to the extreme south, 
where we find a large species covered with 
orange hair Par to the north, they are 
almost the only bees Thus on the 
Pribilof Islands in Bering Sea there is 
apparently only one sort of bee, the 
Bombus kincaidii, though there are many 
kinds of fiowers. 

In New Zealand, there are no native 
bumblebees, and the red clover did not 
set seed, but bumblebees were introduced 
from Europe, and as soon as they became 
numerous, plenty of good seed was ob¬ 
tained The native bees of New Zealand, 



556 


THE SCIENTIFIO MONTHLY 


which are not numerouB, are prinutive 
forms with short tongues. 

Much has been written concerning the 
value of bumblebees as pollinators of 
flowers, especially those with long tubes, 
such as the red clover and the larkspur. 

In some cases, the bumblebee will make 
a hole in the side of the corolla, and so 
secure nectar, and perhaps pollen, with¬ 
out paymg for it. I have seen a bumble¬ 
bee slitting the spur of a blue-columbme, 
a flower normally visited by butterflies 
If all the bees took to these burglarious 
ways, the flowers would in many cases 
fail to set seed, and the result would be 
disastrous to all concerned 

What we call “the balance of nature” 
keeps things going at a fairly even level 
for very long periods of time Even the 
parasites may be valuable to their hosts 
(as species, not as individuals), by pre¬ 
venting overpopulation. But it must not 
be forgotten that hundreds of thousands 
of species have failed and perished, leav- 
mg no trace or at best a fossil to show 
what they once were 

Both Plath and Sladen describe con¬ 
trivances for rearing and keeping bum¬ 
blebees in captivity. Such methods make 
it possible to study the behavior of the 
insects in detail, and have brought out 
the fact that the species differ in their 
methods and their conduct, just as they 
do in structure, size and color Accord- 
mgly, there are two sorts of classiflca- 
tions, one based on structural characters, 
such as are used by all students of ani¬ 
mals, and another depending on behavior, 
especially that shown in provisioning the 
nest Plath, dealmg with the New En¬ 
gland bumblebees, has recognized four 
groups based on habits and has provided 
rather alarming Greek names to designate 
them. European authors, in particular, 
have divided Bomius into very numerous 
subgenera (many of these sometimes 
treated as genera), but this elaborate 
classiflcation seems to be of doubtful 
utility, at least in some respects. 

In .^enca, the flrst great monograph 


of our bumblebees was that of H. J. 
Franklin, “The Bombidae of the New 
World,” Transactions of the American 
Entomological Society, 1912-1913. This 
IS so large and seems so complete that 
one would suppose the treatment to be 
final, but another revision will in due 
course be published by T. H. Prison, of 
the University of Illmois, who has al¬ 
ready issued several important prelimi¬ 
nary papers. As Plath points out, the 
numerous species m the far western states 
deserve mtensive study, and m fact we, 
of our generation, have many things to 
discover. 

Although we have emphasized the 
dominance of instinct in the affairs of 
these insects, it must be admitted that 
ordmary memory and what we must call 
intelligence have a part In the spring, 
the queen hunts for a nestmg site, and 
chooses a suitable one, often after a very 
long search This may be regarded as an 
instinctive reaction, but what are we to 
say of her behavior when, having found 
the right place, she goes about to fix the 
location in her memory t She flies 
around in widening circles, until she feels 
competent to find the place again after a 
visit to the flowers Mr and Mrs Peck- 
ham, of Milwaukee, noticed the same sort 
of thing in the case of certam wasps, and 
discovered that the individual wasps were 
not equally clever In a moving picture 
made under Prison’s direction, the track 
of the bee is graphically shown by a mov¬ 
ing line, so that we can follow the bee as 
if we were looking at it from above 

Another example of apparent intelli¬ 
gence, no doubt combined with instinct, 
IS that of the so-called trumpeters. As 
long ago as 1700, it was noticed that some 
of the bumblebees, at the entrance of the 
nest, rapidly vibrated their wings, mak¬ 
ing a quite audible sound. Some thought 
this was done for exercise, preparatory 
to flight, as may be seen among birds; 
some supposed it was to arouse the colony 
to work. However, as in the case of the 
honey-bee, it is for the purpose of venti- 
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lating the hive, as Plath was able to 
demonstrate. Colonies kept on the south 
side of a building showed trumpeting or 
drummmg activities on warm days, soon 
after the rays of the sun reached the 
nests As soon as the sun receded from 
the nest-box (these were artificial nests) 
the operations ceased, and not a single bee 
engaged m trumpeting in the colonies on 
the north side of the house, away from 
the sun’s rays 

In temperate regions, at least, the 
bumblebee colonies do not last through¬ 
out the year, and in the far north their 
duration must be very brief. The fe¬ 
males which have developed during the 
summer spend the winter in hidden 
places, frequently in the sod near the old 
nests They come out in the spring and 
find new nests for the summer Thus, 
early m the season, one will find the large 
so-called queens flying about, but no 
males or workers The nests, on being 
opened, are found to contain a number 
of tub-like structures, with food for the 
young, and larvae or grubs in various 
stages of development The queen pro¬ 
vides pollen for her offspring, but also 
feeds them by regurgitation The larvae 
develop very fast, and Plath states that 
m about seven days after hatching they 
are ready to spin cocoons and transform 
into pupae, which of course do not need 
to be fed. If all is well, the workers 


begin to emerge about 22 da3T3 after the 
eggs are laid These are small, but the 
queen goes on laying, and the increas¬ 
ingly prosperous colony produces larger 
and larger workers. Eventually, queens 
and males are produced, sometimes in 
large numbers. At length, says Plath, 
“The old queen, if still present in the 
nest, has lost her former vigor and grad¬ 
ually becomes more feeble, until at last 
we find her dead or missing One by one 
the workers die off, and m a short time 
the nest is completely deserted The 
comb does not long remain mtact, for the 
work of the scavengers has already be¬ 
gun, and the larvae of the wax moth, 
Vitvla, and of the beetle Antherophagus 
soon consume the last contents of the nest 
which once contained a rich and populous 
colony ’ ’ The young queens have left the 
nest and gone into hibernation 
Otto Plath, now a professor at Boston 
University, lived when young in Central 
Europe, and was first interested m bum¬ 
blebees by the discovery that they made 
delicious honey This led to crude efforts 
to domesticate the bees, and while so 
occupied he became interested in their 
habits, and decided that he would write 
a treatise on their life-history This boy¬ 
hood ambition lay dormant for many 
years, but was eventually the germ from 
which developed the important and 
original work published a few years ago. 



PHYSICIAN VS. APOTHECARY, 1669-1671 

AN EPISODE IN AN AGE-LONG CONTROVERSY 
By Dr. CHARLES P. MULLETT 

UNIVIR8ITT or HISSOUBI 


The notion—if we may draw conclu¬ 
sions from popular and semi-popular 
volumes on medical history—^that “phy¬ 
sician” and “quack” were interchange¬ 
able terms in the pre-allergy era dies 
hard So insidious is this condescending 
outlook upon the past that even informed 
persons overlook the gradations in the 
“darkness” of earlier medicine Yet 
marked distinctions have always existed 
between healers, and warfare between 
the trained physician and the “em- 
pirick” has been a persistent feature of 
medical history. In the numerous 
“health” books of sixteenth and seven¬ 
teenth century England, the issue con¬ 
stantly appeared; moreover, at times it 
passed from the incidental stage to that 
of a full-length controversy. This was 
the case in 1669-1671 when several phy¬ 
sicians sought to remove the “frauds and 
abuses” of the existing dispensary struc¬ 
ture Needless to say, apothecaries re¬ 
sented the attack and insisted upon their 
own peculiar value to society 
The opening blast of the controversy, 
fired by Christopher Merrett, “Dr. in 
Physick,” charged apothecaries with 
falsifying their medicines and augment¬ 
ing the number as well as the prices of 
prescriptions' Merrett specifically de- 
1 “A Short View of the Frauds, and Abuses 
Committed by Apothecaries; as well in relation 
to patients, as physicians and of the only 
remedy thereof by physicians making their own 
medicines” (London, 1669). Merrett (1614- 
95) received his M D in 1643 and became a 
fellow of the College of Physicians in 1651. 
Three years later he began to lecture before the 
college and thereafter was periodically elected 
a censor. In addition to the tracts summarized 
here he edited an herbal in 1666-67 and wrote 
on urines in 1682. 


nounced the administration of medicines 
contrary to the prescription, the loading 
of medicines with honey and other 
cheaper ingredients, and the use of de¬ 
cayed drugs times without number. In 
chronic diseases, because of such prac¬ 
tices, he said that apothecaries often 
undid the work of physicians by continu¬ 
ing a given prescription to the patient’s 
grave disadvantage in health and purse 
Furthermore, apothecaries often created 
diseases in men’s fancies in order to 
decoy these victims into the use of physic, 
made thirty pills when a physician pre¬ 
scribed twenty, and carried medicme 
appointed for one person to another 
Even worse than these abuses, however, 
was the common practice of recommend- 
mg and bringing to the patients un¬ 
worthy physicians, who complied with 
the apothecaries’ interests 
To make the situation worse, said 
Merrett, such fraudulent practices dam¬ 
aged honest apothecaries who could not 
compete with the prices set by the dis¬ 
honest “chymists ” Thus, most of the 
preparations found m the shops were 
“sophisticated,” for the censors, dis¬ 
couraged by the multitude of empirics 
swarming in every comer, had omitted 
their wonted searches. Moreover, when 
the patient was cured and the physician 
had ended his visits, the apothecary was 
not above insinuating either the danger 
of relapse or of another distemper, and 
accordingly repaired to the physician for 
a prescription to cure the imaginary dis¬ 
ease By reason of these experiences and 
the cost of apothecaries, many persons, 
instead of calling a physician, immedi¬ 
ately sought out some common quack or 
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mountebank. As if these abuses were not 
enough, apothecaries had always sought 
the ruin of the College of Physicians, by 
attacking it in Parliament and traducing 
it elsewhere 

Prom a purely therapeutic angle Mer- 
rett concluded that the great charges 
imposed by apothecaries and the nau¬ 
seousness of their medicines explained 
why such long-standing and habitual 
diseases as falling-sickness, convulsions, 

winds in the bowels'* and gout seldom 
got relief Yet apothecaries always 
blamed the physicians, crying out that 
the latter were great cheats for not in¬ 
forming the world of their secrets But 
revelations would not be safe, the apothe¬ 
caries ’ incapacity for practice being 
manifest by their lack of education To 
reform the existing state of affairs, 
Merrett particularly recommended that 
physicians mix their own medicines and 
fill their own prescriptions 

Quite naturally, the charges made by 
Merrett would not lie unanswered, but 
before turning to the replies, we may 
consider additional attacks on apothe¬ 
caries, attacks apparently stimulated by 
Merrett’s onslaught Merrett himself re¬ 
entered the lists in 1670, with a somewhat 
more comprehensive attack than that of 
the previous year * In this second 
pamphlet he promised to conduct his 
readers to a spot where they could ob¬ 
serve the usual method of the ‘‘vulgar" 
physician's examination of his patients 
This consisted, he said, of three notions • 
first, that a patient's grievance was either 
a discernible evident disease or an in¬ 
ward pain, second, that it was one of 
the two endemic diseases, scurvy or con¬ 
sumption, third, that it was the pox 
This theory, Merrett thought, might be 

*<<The Accomphsht Physician, the honest 
apothecary, and the skillful Chyrurgeon, detect¬ 
ing their necessary connexion, and dependance 
on each other. Withall discovery of the frauds 
of the quacking empirick, the prescribing sur¬ 
geon, and the practicing apothecary ’ ’ (London, 
1670). 


acquired with less industry than four¬ 
teen years' study at a university. On the 
other hand, however he might reproach 
the vulgar physician for executing his 
employment with so little ingenuity, he 
saw greater reason for condemning the 
“water-gazer," who by examining 
streams of urine pretended to gratify his 
patients' curiosity concerning the disease 
about to overtake them, for some of these 
medicoes thought to discover as much by 
the urinal as the astrologer by the globe. 

Merrett then turned to uncover the 
errors which operated to benefit the clerk 
and the grave-maker. Bleeding was 
greatly abused by the “hackneys" and 
was even taken notice of by the vulgar 
physicians, although their experience 
told them that it was death in measles 
and smallpox. Those who knew better 
had a pleasant sensation on observing 
how the “hackneys" in the country vom¬ 
ited their patients with crocus, scoured 
them with jalap and drenched them with 
water-cresses and brook-lime, terming all 
diseases, except fevers and agues, the 
scurvy Finally, Merrett did not over¬ 
look the “grouping" doctors, who pre¬ 
tended great difficulty m discerning a 
disease when they could not grope about 
the patient's sides and belly He con¬ 
cluded by recalling that many physicians 
had lately deplored the dishonesty, 
stubbornness and incapacity of apothe¬ 
caries 

Consequent upon the furor excited by 
Merrett through his first attack on the 
frauds and abuses of the apothecaries, he 
made his third excursion into the contro¬ 
versy m 1670, especially emphasizing the 
patient's complete ignorance of the 
apothecary's medicines.^ When an 
apothecary had p^cicticed of his own 

8 ‘ * Self Conviction, or an enumeration of the 
absurdities, railings against the College, and 
Physicians in general, (but more especially, the 
writers against the apothecaries) non senee, ir¬ 
rational conclusions, falsities in matters of fact 
and in quotations concessions, etc of a nameless 
person And also, an answer to the rest of 
Lex Tahonis’’ (London, 1670). 
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head and the physician was not called 
in until extremity of danger, what reason 
was there, he asked, that the physician 
should take upon himself the discredit 
of the patient’s death, or why should he 
teach the apothecary to practice further 
by curing the patient himself! The tract 
itself largely was given over to a dialogue 
between A. (anonymous) and M (Mer- 
rett) A complained that physicians 
everywhere, out of malice, denounced the 
apothecaries and neglected their shops 
M rejoined by leaving it to the reader 
whether the cheats performed by the 
apothecaries did not sufficiently justify 
the physicians making their own medi¬ 
cines. 

Among others who participated in the 
attack inaugurated by Merrett, none 
perhaps exceeded in eminence Edward 
Maynwarmg, also ‘‘Dr m Physick,” who 
declared that in primitive practice every¬ 
thing pertaining to the physicians’ art 
had passed through their own hands 
they had examined drugs, had had a true 
knowledge of pharmacy and had been 
expert in medicines^ “After that man¬ 
ner the Science of Physick improved.” 
Later, physicians divided their business 
and devolved part of it upon other men, 
laying aside the most considerable part 
of their profession, the preparation and 
management of medicines. Maynwar- 
ing, himself, separated the work of physi¬ 
cians into two parts, theoretical and 
practical, arguing that they “must pre¬ 
pare medicines, be personally present 

4 < * The Ancient Practice of Physick, Bevived 
and Confirmed as the only way for improve¬ 
ment of this science, security of the sick; and 
repute of the professors(London, 1670) 
Maynwarmg (1628-997) took his MB. from 
Cambridge, his M D from Dublm, and began to 
practice in 1663. Ho condemned violent pur¬ 
gatives and indiscriminate bloodletting and be¬ 
lieved smoking to be productive of such diseases 
as scurvy. During the plague of 1665 he had a 
good record Rather ironically, in view of his 
share in this controversy, his contemporaries re¬ 
garded him as an * < empirick.' ^ He wrote 
extensively. 


and active therein,” for the ph 3 f«oian 
was a natural philosopher who improved 
his knowledge of nature by “various 
Mechamck experiments ” 

Maynwaring did admit, however, that 
a physician might depend upon the 
apothecary’s skill in medicines as upon 
the surgeon’s skill in anatomy; at the 
same time he believed it much more im¬ 
portant that the physician look into his 
medicines than into the “chamber-pot or 
close-stool.” A physician of ordinary 
parts “with extraordinary curious medi¬ 
cines” could perform more and greater 
cures and make fewer mistakes than the 
most knowing and learned theorist with 
ordinary medicines The physician, who 
was not well practiced and skilful in 
medicinal preparations, but collected his 
medicines out of books, had but an “em- 
pyrical” practice, even though he were 
very learned, well read and “a long 
practiser in Physick ” The knowledge 
of an herbal or of books pertaining to 
animals and minerals by no means made 
a doctor expert in medicines A physi¬ 
cian ought to be suflBciently acquainted 
with medicines to give a rational account 
of every ingredient In conclusion, 
Maynwarmg offered a few concrete sug¬ 
gestions Of the drugs imported into 
England, he said, a fourth part was more 
fit for the dunghill than for the body of 
man, and he that took such drugs needed 
no other disease His own intention and 
aim was the improvement of pharmacy 
and the securing it from being profaned 
and abused. This could be attained by 
restoring the ancient reverend esteem of 
the professors of medicine for that 
branch of their profession and by exclud¬ 
ing all mechanic and illegal trespassers. 

Again in the same year, 1670, Mayn¬ 
warmg rode his favorite hobby of physi¬ 
cians making their own medicmes.* In 
s<<The Phannacopoeian Physician'a Beposi* 
tory accomodated with elaborate medicinal ar¬ 
cana’s appositely serving to the whole practice 
of physick exhibited as an exemplar, for imita¬ 
tion and ineitation, to the industrious professors 
in this faculty” (London, 1670). 
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a second tract he listed medicines under 
the divisions of head and nerves, lungs, 
stomach, spleen, and liver, heart and 
vital spirits, reins and bladder, spine and 
loins, genital and spermatic parts, exter¬ 
nal parts, anti-venereal, anodyne and 
anti-scorbutic and radical. He gave no 
recipes, but instead supplied directions 
for the use of the medicines, occasions 
when required, and the like. Some clue 
to the contents can be gained from his 
comment on a certain medicine, “Quin- 
tessentia Aurea,” for spermatic and 
genital parts It helped “to concoct the 
seed that is crude, thin and waterish; 
whereby it becomes more effectual for 
generation; and is assistant to such as 
want children by ezileratmg the seed, 
and endowing it with proliflck spirits." 
Likewise in dealmg with anti-venereal 
medicines for the “Venereal Lues, called 
thfe French disease," he described certain 
pills as proper for persons “afflicted with 
that malady, which is not always got by 
impure copulation, but sometimes by 
intimate approaches and society, with 
infected persons of that nature," an 
interesting appreciation of the infective 
character of syphilis * 

Another “Doctor’of Physick," Jona¬ 
than Goddard, leaped into the discussion 
at the same time.'' He too bemoaned the 
«In 1670 also, Mayawaring published “Vita 
Sana & Longa The Preservation of Health, 
and Prolongation of Life Proposed and proved 
In the due observance of remarkable precautions 
And daily practicable rules, relating to Body 
and Mind, compendiously abstracted from the 
Institutions and Law of Nature “ He found 
that the brevity of man's life was due primarily 
to variety, excess in meat and drink, immoder¬ 
ate sleeping, living in unwholesome places, 
worrying, excessive use of purgatives, illpre 
pared medicines, and the like To regain primi¬ 
tive longevity, man should have fresh air, 
suitable doting, a good climate and regular 
eatmg habits Maynwaring also supplied special 
rules for different temperaments, correlating 
the passions with bodily functions. 

^ “ A Discourse setting forth the unhappy 
condition of the practice of physick in London, 
and offering some means to put it into a better, 


separation of the preparation of medica^ 
ments from their application, and the 
accompanying indifference of physicians 
to the actual manufacture Physicians, 
he said, if they had put their minds to 
the task, might have done as expert a 
job as the apothecaries. Ideally, the 
separation had the advantage of releas¬ 
ing the physician from inferior employ¬ 
ment, but this benefit was lost if apothe¬ 
caries failed to keep within the limits of 
their trade and meddled with practice. 
Goddard also regretted the unreasonable 
and inequitable state of affairs whereby, 
when a trained physician had through 
his industry and ingenuity mastered the 
secrets of anatomy or had discovered a 
new medicine, upon his communication 
of it to an apothecary nothing beneficial 
would result The apothecary had be¬ 
trayed his trust Furthermore, when the 
apothecary took it upon himself to prac¬ 
tice, he gave the medicine to his patients 
and so gained a hundred times as large 
a fee as the physician, the latter curing 
the patient only once for the ordinary fee 
and simultaneously teaching the apothe¬ 
cary to do it ever after for innumerable 
rewards This condition must ultimately 
impoverish many physicians 
According to Goddard, it were thus 
far better to teach the patients than the 
apothecaries, especially since no dishonor 
attached to any physician who employed 

for the interest of patients, no less, or rather 
much more than of physicians’^ (London, 1670), 
Goddard (1617f-75) was a fellow of the Col¬ 
lege of Physicians, lecturer m anatomy before 
the college, and Gresham professor of physic. 
During the Civil War he was a physician in 
Cromwell’s army He frequently used his labo¬ 
ratory to make experiments for the Boval 
Society, and he compounded secret remedies, 
notably, * * Goddard’s Drops, ’ ’ which were chiefly 
ammonia with a few frills He was also credited 
with having made telescopes His “Discourse 
concerning Physick ’’ (London, 1668) partially 
anticipated the tract discussed hero, which ac¬ 
cording to a postscript had actually been written 
five years before only to be put aside because of 
the furor caused by the plague and fire. 
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himself m making choice and important 
medicines. Moreover, it 'was not neces- 
Bary that physicians should put them¬ 
selves to the drudgery of making common 
medicines, for the practice of physic 
could easily be managed with a tenth 
part of the things commonly in use, and 
the remedies reduced accordingly,” a 
change which would improve rather than 
damage the healing art. Considering 
how apothecaries censured the practice 
of physicians and claimed their own pre¬ 
scriptions to be rare secrets, it was high 
time for physicians to defend themselves. 
Further advantages of great importance 
resulted from the physician’s administer¬ 
ing his own preparations, namely, his 
possible discovery of more effectual 
medicaments and his certainty concern¬ 
ing the strength, eflBcacy and operation 
of all his medicines It was well known 
that, let a physician write the same pre¬ 
scription to several apothecary shops, the 
medicines would vary greatly in their 
sensible qualities In the meantime, the 
physician had to answer for all, even 
though the variations cause a patient’s 
death. 

The great objection against physicians 
making their own medicines was that the 
apothecaries would be ruined. Yet these 
persons had taken injurious advantage 
of physicians by invading the peculiar 
function of healing, after the physicians 
had surrendered to them the preparation 
of medicines Nevertheless, even if phy¬ 
sicians made their own medicines, there 
would still be ample work for apothe¬ 
caries as they would always be able to 
practice upon “the meaner sort ” With 
all his criticism, however, Goddard in 
conclusion denied any intention of 
branding all apothecaries, of whom many 
were thoroughly honest and conscien¬ 
tious and therefore bad an important 
function to perform, he sought only to 
place the healing art on the surest 
foundation 

Still another participant, in the person 


of the much more obscure George Acton, 
“Doctor of Physick,” joined the argu¬ 
ment in 1670.* While his contribution 
was somewhat oblique, it nevertheless 
mdicated the extent to which this lively 
debate had spread through the medical 
profession. The author “proved” the 
possibility of curmg a disease without a 
remedy contrary to the disease or at least 
contrary to its cause. He denied that 
heat and cold were the efficient causes 
of diseases; they were merely the antece¬ 
dents. Finally, he believed that all fevers 
could be cured with one medicine, as 
could all distempers of a hot liver or of 
a cold stomach, and so forth 

These various onslaughts, particularly 
Merrett’s first tract, received an almost 
immediate reply from one who believed 
that in counter-attack lay the best de¬ 
fense* After noticing Merrett’s state¬ 
ment, that It would seem strange to most 
men that after thirty years’ successful 
practice, he should now end all dealings 
with the apothecaries, the anonymous 
author expressed surprise that a reputed 
discreet person, such as his opponent, 
should forsake the ancient laudable pro¬ 
cedure and quarrel with the whole com¬ 
pany of that profession He denied 
Merrett’s contention that the apothecary, 
being less concerned than the doctor, 
looked only to his o'wn profit and disre¬ 
garded the patient’s welfare In answer 
to the conclusion that the greater the 
patient’s charge the greater the apothe¬ 
cary’s profit, whereas on the contrary it 

• A Letter u anewer to certain queries and 
objections made by a learned Oalenist, against 
the theorie and practice of chymical physick, 
wherein the right method of curing diseases is 
demonstrated the possibility of an universal 
medicine evinced, and chynueal physick vindi¬ 
cated” (London, 1670). I have not been able 
to discover anything about this writer 

• ”Loz Talionis, sive Vindiciae Pharmocopo- 
Tum or a short reply to Dr. Merrett’s book; 
and others written against the apothecaries 
wherein may be discovered the frauds and 
abuses committed by doctors professing and 
practicing pharmacy” (London, 1670). 
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was the physician’s interest to cure the 
patient with the greatest ease, the author 
reminded his readers that the longer the 
patient was under the physician’s care, 
the more fees went to the latter Finally, 
he objected to the account that ‘‘other 
cheats” like “Matthew’s Pills” and 
“Hugh’s Powder” had been cried up as 
universal medicines, “which the contrary 
to convince . . . were but to lose time.” 

A second defense of the apothecaries 
emanated from that rough-and-ready 
controversialist, Henry Stubbed® Less 
anxious to sift the truth than to engage 
in verbal fireworks, Stubbe promised to 
be just to the honorable society of phy¬ 
sicians and to vindicate the company of 
apothecaries After summing up Mer- 
rett’s charges against the latter, he de¬ 
clared that while some apothecaries might 
be dishonest, as charged, there was no 
need to accuse the whole profession in 
this manner and thus make the honest 
practitioners suffer. Indeed the latter 
ought to be the more highly cherished. 
Moreover, he reminded his readers in 
response to Merrett’s complaints about 
the “dear bills of apothecaries,” the 
patient that went from the apothecary 
to “this good doctor” for his medicine, 
thinking to save by it, would leap from 
the frying-pan into the fire He, Stubbe, 
would plead for such apothecaries as 
used the best ingredients, made their 
compositions faithfully and dispensed 

io<<Medice Cura Teipsunil or the Apothecaries 
Plea in some short and modest animadversions, 
upon a late tract entituled A Short View of the 
Frauds and Abuses of the Apothecaries, and the 
onely remedy by physicians making their own 
medicines . . From a real well wisher to both 
societies’’ (London, 1671). Henry Stubbe, 
Stubbs or Stubbes (1032-76) was profes¬ 
sional literary bravo,” whose lively literary 
career gave him more notoriety as a controver¬ 
sialist than reputation as a physician Although 
he achieved some distinction in the latter capac¬ 
ity, he lacked the professional equipment and 
connections of the men whom he attacked In 
addition to the College of Physicians and some 
of its individual members, the Boyal Society 
also feU under his displeasure 


physician’s prescriptions conscientiously. 
As far as the other apothecaries objected 
to by Merrett were concerned, there was, 
after all, a sort of people who, so as they 
might buy cheap, cared not with what 
they were served or how they were 
abused and cheated 
When Stubbe faced Merrett’s sugges¬ 
tion that the patient would greatly bene¬ 
fit by the physician’s making his own 
medicines because the whole charge of 
the apothecary’s bill would be saved 
since the physician would take nothing 
for his own medicines, he had a great 
deal of fun He prophesied that the 
physicians would charge “handsome 
sawcy fees”, otherwise, how would the 
scheme hold waters In reply to Mer¬ 
rett’s accusation that during the Great 
Plague the apothecaries took over the 
whole practice of medicine, he inquired 
how it came to pass that the “good doc¬ 
tor” himself had no share in curing the 
plague-stricken Did it show public 
spirit on the part of the physicians to 
surrender their practice to the apothe¬ 
caries 7 As a matter of fact, Stubbe con¬ 
cluded, physicians and apothecaries were 
embarked on one bottom, if one sank, 
the other could not expect much safety 
To Merrett’s declaration that the apothe¬ 
caries would undo all the chemists in 
London and possibly rum the Corpora¬ 
tion of Distillers of strong waters, he 
avowed that the “good doctor,” because 
he feared lest his former chaff would not 
catch old birds, was calling in more help 
and leaving no stone unturned that 
might help to rum the apothecaries. 

In this same year, 1671, a brief com¬ 
pendium of the arguments on the case 
appeared ” Although the author, obvi¬ 
ously on the side >1 the angels, had com¬ 
paratively little to add to what had 
already been said, he picked out various 
fiaws m Stubbe’s tract, stressing espe¬ 
cially its “falsities,” ill language and 

11 ^Beflections on a Libel, intituled, a plea 
for apothecaries” (London, 1671). 
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defense of the tricks and financial prac¬ 
tices of the apothecaries Many quota¬ 
tions from tracts already noted filled its 
pages, and its chief importance lies in its 
revelation concerning the extent of the 
controversy, rather than in any original 
contribution to the discussion 

Contemporaneously, Dr. George Thom¬ 
son also turned on Henry Stubbe. Nev¬ 
ertheless, at the same time he believed 
that, while Merrett’s book was to be 
commended for its practical knowledge, 
Merrett^s experimental theories had cost 
thousands of lives.^* Thomson scored the 
members of the College of Physicians 
heavily ‘‘They are persuaded the old 
way IS best, to sit in their chair disput¬ 
ing, scribbling medicines, while others 
are making them. . . Away, say they, 

with these new fangled devices of ques¬ 
tioning by fact such famous men as we 
are . . . ’tis enough we have tried again 
and again, it will bring in a fee.*’ Dr 
Merrett, “this supposed reformer of the 
method of physic, thinks it enough to 
have lashed the apothecaries to have pro¬ 
claimed their abuses to the world, as if 
this were enough to expiate his crime 
. . . he ought ... to do penance for 
making a trade of man’s life, for per¬ 
petuating thus long a fallacious . . . 
and pernicious mode of practice . . . 
that ’tis impossible for any man to dis- 

12*^A Check given to the insolent garrulity 
of Henry Stubbe, etc. Also, some practical ob¬ 
servations exhibited for the credit of the true 
ehymical science Lastly, a brief contest be¬ 
tween the Thomsons and the Merretts, who are 
the best physicians'* (London, 1671.) Thom¬ 
son (fl 1648-79) graduated M D from Leyden 
in 1648 He diligently studied the London 
plague of 1665 and wrote ^ * Loimologia " (1665) 
reflecting on the physicians (such as Merrett) 
who left the city during the visitation. In 
1665 also he published * * Qaleno-pale, or a chymi- 
oal trial of the Galenists, that their dross m 
physick may bo discovered,'' protesting against 
contempt for experience and sole reliance on 
theory He wrote a number of other medical 
works, controversial in nature, among which was 
one opposing excessive blood-lettmg and which 
brought him into conflict with Henry Stubbe. 


charge his duty aright, who makes not 
his own medicines with his own fingers.” 
The Thomsons deride the boasting of the 
Merretts in “compounding medicaments 
better than the whole Company of 
Apothecaries.” 

After 1671, the furor subsided, at least 
so far as tracts were concerned, but in 
1675 Dr. Maynwarmg again insisted that 
the preparation and custody of medicines 
was the proper charge and duty of every 
physician^* Likewise, he described the 
“new” mode of prescribing and filing 
recipes with apothecaries as an impru¬ 
dent invention and pernicious innova¬ 
tion. The truth of this was demonstrated 
to his satisfaction from the treble dam¬ 
age and disadvantage that arose to phy¬ 
sician, patient and medical science. Thus 
he argued for the return to, and general 
conformity with, the primitive practice, 
and answered the objections brought 
against the old custom He likewise 
discoursed on the excellency of medicines 
and maintained that skiU, ^owledge and 
improvement of medicines were attained 
not by reading but by practicing, “by 
preparation and mechanick tryals ” The 
College of Physicians, considering the 
many inconveniences that emerged from 
the neglect of medicines, had lately voted 
it honorable for a physician to prepare 
his own prescriptions This he applauded 
as an excellent innovation because medi¬ 
cines were the physician’s business Not 
to be expert in the manual preparation 
of medicines was an absurd deficiency in 
a physician as well as very dangerous 
and often pernicious to the sick 

The “imprudent act of our predeces¬ 
sors” in removing pharmacy from the 
physician’s care and management did not 
perpetually commit their successors If 
ruin must fall upon one group, better 
that the apothecaries should suffer than 
the physicians, smee apothecaries had 
betrayed the trust reposed in them by 

IS "Praxis Medleomm Antiqaa k Nova. The 
Ancient and Modem Practice of Physick ex¬ 
amined, stated, and compared" (London, 167S}. 
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the physicians; therefore, Maynwaring 
judged it most reasonable that physi¬ 
cians desert them. The safe and speedy 
recovery of the sick lying in the physi¬ 
cian care was of far greater concern 
than the profit or maintenance of a par¬ 
ticular group of men. The physician 
that was pharmacopoeian to himself did 
not delight in the superfluous variety and 
number of slight medicines, but aimed at 
a few choice and efficacious ones The 
new mode of practice was to draw and 
frame medicines on a piece of paper, 
modeling them into several forms, vary¬ 
ing for every temperament and case. 
Here the physician ended his work Such 
a scheme of medicine was then trans¬ 
mitted to some apothecary. Justification 
of the old practice where the physician 
prepared his own medicines clearly con¬ 
demned this new method. This dis¬ 
course, which was liberally spattered 
with quotations from Cox,^* Goddard and 
Merrett, concluded by elaborating the 
hazards of the ‘^genteel new mode^’ of 
prescribing. 

A belated reverberation of the contro¬ 
versy appeared in 1685 in ‘‘A Direct 
Method of Ordering and Curing People 
of that loathsome disease, the smallpox 
. . . Being the twenty years practical 
experience and observations of John 
Lamport, alias Lampard, practicioner m 
chyrurgery and physick Quite apart 
from his special interest in smallpox, the 
author referred to the abuses and errors 

Improbably Thomas Cox (1615-86), a fairly 
prominent physician of the day, a fellow of the 
College of Physicians, of which he became 
president in 1682, and a mombor of the Boyal 
Society. 


of pretended healers and condemned the 
existence of too many practicing nurses. 
If anything may be concluded from 
Lamport’s advertisements of his pills 
and medicines and the appendix pre¬ 
scribing the proper astrological time to 
take medicines, he himself was both 
apothecary and astrologer 

As suggested at the outset, the contro¬ 
versy here summarized should not be 
regarded as an isolated event in the 
earlier history of medicine Although 
rather dramatic and concentrated, this 
flareup only expressed the latent hostil¬ 
ity between two groups of healers In 
addition, it revealed an important and 
somewhat neglected characteristic of 
seventeenth century physicians in En¬ 
gland—^the wide-spread tendency toward 
reform So often have writers on the 
history of medicine in particular and of 
science in general stressed the martyr¬ 
dom of the reformer, implying that 
changes have come with theatrical sud¬ 
denness through the efforts of some out¬ 
standing individual, and in spite of the 
majority of the profession, so often have 
these ** historians” emphasized the 
achievements of the man ”far ahead of 
his time,” that they have distorted the 
entire evolutionary process It is here 
important to record the wide-spread 
support of reform among men not 
notable as pioneers, among men who 
personified the rank and file of their 
profession Obscurantism flourished, in 
all truth, but the sharp and persistent 
dichotomy which plays off the lofty 
genius against massed reaction neglects, 
if it does not completely deny, the whole 
realm of historical dynamics. 



RUBBER’S POSITION IN MODERN 
CIVILIZATION 

By P. W. LITCHFIELD 


FSIBIDKKT, THK OOODTEAB 

Rxjbber's importance to the modern 
civilization can be gleaned from its ivide- 
spread application in tires for motor 
vehicles—a fact emphasized by our own 
company's production of its 300,000,- 
000th casing this year. Approaching 
rubber’s place m the sun from another 
angle—the fact that approximately 4,- 
000,000 workers are engaged in raising, 
cultivating, collecting, shipping and 
manufacturing the substance, likewise 
gives emphasis to rubber’s importance 

But rubber’s contribution to mankind 
at the one hundredth year of its prac¬ 
ticability (dating from Charles (Good¬ 
year’s discovery of vulcanization, 1839) 
aggregates far beyond the acceleration 
of transport and the employment of 
labor. Through a ceaseless program of 
Scientific research and development, the 
rubber industry has wrested from the 
hitherto unknown many secrets which 
have extended rubber’s use into ever-m- 
creasing fields with benefit to each new 
avenue thus entered 

Rubber’s importance as an insulator 
in the electric world; as hose and con¬ 
veyer belts for the industrial transmis¬ 
sion of fluids and solids, as a shock ab¬ 
sorber for all manner of mechanical 
vibrations, as an indispensable adjunct 
to the practices of medicine, surgery and 
sanitation—all add stature to the emi¬ 
nent place rubber has attained in civili¬ 
zation’s onward march 

The saturation point of rubber’s use¬ 
fulness has by no means been attained, 
however. Exploration of its possibili¬ 
ties IS not static Developments still 
fresh from the laboratories, or passing 
through the final stages of their embry¬ 
onic perfection in the research workers’ 


mi A BUBBBR COMPANY 

test-tubes, give definite promise of a 
more healthful, enjoyable, convenient 
life. 

Discovery that uncoagulated latex 
could be whipped into an aereated froth 
which could be suspended permanently 
through chemical reaction, has brought 
about the introduction of mattresses and 
cushioning material such as Airfoam. 
Thus man, long accustomed to cushion¬ 
ing his automobile from road shocks 
with rubber tires, now is beginning to 
enjoy restful sleep on a mattress of 
whipped latex which always resumes 
its original shape, is non-allergic, germ 
and vermin-repellent His living room 
furniture and the seats of Ins passenger 
car, truck, theater and auditorium are 
being similarly equipped, with rubber 
as the cushioning medium 

This same material, while compara¬ 
tively a new product, originally in¬ 
tended primarily for cushioning, al¬ 
ready has found practical application 
in such distantly removed uses as black¬ 
board erasers and powder puffs, illus¬ 
trating a common characteristic of new 
rubber products—diversified adaptabil¬ 
ity 

Even more spectacular is the growing 
utilization of the rubber hydrochloride 
to which has been applied the copy¬ 
righted name. Pliofilm Through a 
senes of chemical processes, physical 
characteristics of crepe rubber are al¬ 
tered in such a manner that the desir¬ 
able properties are retained and many 
objectionable properties are lost. The 
resulting substance is produced m sheets 
or rolls over a wide range of gauges, be- 
giiming with a gossamer thickness of 
only 0012 inch. 
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Being inherently waterproof, practic¬ 
ally impervious to moisture, resistant to 
tear and transparent (if desired) in al¬ 
most any color of the solar spectrum, 
Pliofilm at first was used widely for 
raincoats, umbrellas, tea aprons, shower 
curtains and as a protective and decora¬ 
tive material for many household appli¬ 
cations. 

But here again, a rubber product well 
suited to one field of application has 
branched out into other important 
spheres of usefulness To-day the pack¬ 
aging of many commodities has been 
revolutionized by Pliofilm All manner 
of foodstuffs, particularly those suscep¬ 
tible to dehydration (such as cheese) 
and absorption of moisture (such as 
crackers), now are being packaged in 
stabilized rubber chloride wrapping 

Laminated as lining for paper sacks, 
Pliofilm is being used to retain the fresh¬ 
ness and aroma of fine coffee, laminated 
to burlap sacks, it is protecting sugar 


and other bulky granular products from 
moisture Even oil may be packaged 
in Pliofilm sacks Prom the rubber lab¬ 
oratories also has recently come a treat¬ 
ment for women’s hosiery that greatly 
prolongs their usefulness by making 
them resistant to snagging and running. 

Equally important examples could be 
outlined almost ad infinitum, but I be¬ 
lieve that these typical applications cited 
will serve adequately to illustrate my 
statement that rubber’s contribution to 
mankind goes far beyond the realms of 
transport and employment 

Not only do we communicate over and 
travel between great distances through 
the utility of the Hevea tree’s latex—it 
protects our bodies from the elements; 
it keeps our food fresh and wholesome; 
it protects us from disease or gives aid 
in reclaiming us from injury and afiBic- 
tion; it 18 the fluxing material without 
which modern living would be either 
impossible or tremendously restricted 
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A NATION OF ELDERS^ 

The average span of life of mankind 
is steadilly increasing. To-day there 
are more elderly people than ever be¬ 
fore; to-morrow we may expect that a 
still greater percentage of the popula¬ 
tion will have reached or passed “three 
score and ten “ Ninety years ago, m 
1850, but 2 6 per cent of the American 
people were 65 years or over By 1940 
the percentage will have nearly trebled 
to 6 3 per cent. In 1850 more than half 
the population was under 20 years of 
age, whereas now but 35 per cent, or 
slightly more than one third of the 
United States population is under 
twenty 

An era of increased longevity is upon 
us These shifts may be expected to 
continue, albeit with reduced tempo, for 
there is a biologic limit to the normal 
span of life The consequences of these 
changes which are making us a nation 
of elders reach far and wide and affect 
every field of human endeavor. Medi¬ 
cal, economic, sQciologic and political 
problems are pressing for solution. The 
mind of the nation is changing- it is 
growing older Perhaps this implies it 
IS growing wiser, perhaps not. We hope 
it IS, for the hope to live long and use¬ 
fully IS well-nigh universal 

The problems of old age are not new, 
but the urgency for their solution has 
never been as great as it is now. If we 
as a people are to gain by these conse¬ 
quences of preventive medicine (every 
life saved from premature death is a po¬ 
tential senescent) we must need to know 
far more than we do now concerning the 
problems of ageing The appearance of 

1 Problems of Ageing Btologio and Medical 
Aspects. Edited by Edmund V. Cowdry. Il¬ 
lustrated XXX 768 pp. $10 00 Published 
for the Josiah Macy, Jr, Foundation by Wil¬ 
liams and Wilkins Company. 
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this extremely comprehensive volume is 
most timely. 

Ageing is a biologic process common 
to all living organisms—^perhaps a proc¬ 
ess common to all matter. Although 
the inception of ageing starts with the 
conception of a new organism, the 
changes are long submerged in the con¬ 
spicuous activities of growth, develop¬ 
ment and maturation It is only after 
maturity has been reached that senes¬ 
cence makes itself felt as an active proc¬ 
ess This publication considers the 
problems of ageing from a broad biologic 
view-point The evidences of senescence 
m all forms of life are discussed Age¬ 
ing in plants, protozoa and insects differs 
from the processes observed in mammals 
and higher forms of life The changes 
inherent with old age in the various tis¬ 
sues and systems of the body are probed 
and exhaustively analyzed 

Although prepared primarily for phy¬ 
sicians and biologists, the book contoins 
much of great interest to the general 
reader Dr Cowdry’s careful selection 
of the twenty-six eminent contributors 
has resulted in a most scholarly and 
thorough presentation Each chapter 
includes a brief but well-chosen bibliog¬ 
raphy Medicme must needs concern 
itself more and more with the particular 
problems of health maintenance in the 
aged and with the degenerative diseases 
characteristic of later life. Qeriatncs 
has a significant future. It is upon bio¬ 
logic foundations such as those sum¬ 
marized in this book that the application 
of medical science rests. 

Despite the extensive scope and am¬ 
bitious program of the work in recording 
the intensive studies of many specialists, 
the chief value of the book lies in the 
implication and recognition of the num¬ 
berless problems remammg unanswered. 
It attacks the problems from the roots 
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by asking the fundamental questions: 

and why are the biologic mecha¬ 
nisms of agemgT 

E. J. Stibolitz 
ANTS VS. MEN^ 

Just at the moment when our present 
civilization appears to hang in the bal¬ 
ance comes this book It treats of a sub¬ 
ject that has always intrigued curiosity 
of biologists and laymen alike—^the con¬ 
certed behavior of ants as it illustrates the 
similarities and differences between their 
social life and that of the paragon of 
organization among the primates, Homo 
sapiens * 

The ants are geologically far older than 
man, for we know that they made their 
appearance on earth well before Tertiary 
times. They were, m fact, abundant 
some 60 million years ago and at that 
time were essentially similar to the pres¬ 
ent living species m their bodily structure 
and unquestionably also in their habits 
Thus, a t 3 i)e of social organization that 
has been so successful and weathered 
the vicissitudes of such an intermin¬ 
able period without any fundamental 
changes should be worthy of searching 
comparison with the vagaries of human 
‘ ‘ progress. ’ ’ The latter, now sky-rocket¬ 
ing about with the vigor of early youth, 
still has some ten thousand times longer 
to go before it reaches the ripe age of the 
ants’ social history Will our own civil¬ 
ization land hopelessly cracked up, or will 
we finally adopt the mechanized be¬ 
havior of the ant that has proven so satis¬ 
factory for a type of purely instinctive 
invertebrate animal t 

Before dealing with this comparative 
behavior “Of Ants and Men” Dr Has¬ 
kins reviews the origin and evolution of 

I Of Ants and Men, By Caryl P Haskins Il¬ 
lustrated. TiiH-244 pp $2 75. Prentice Hall, 
Inc., New York. 

* Or, as some taxonomists prefer to call him, 
Homo amenoanna var. europaens, thus sidestep¬ 
ping the connotation of sapience. 


ants as fully as may be in the light of 
our present knowledge, and gives an ac¬ 
count of the present organization of the 
colony m the several groups of the family 
Formicidae. He shows how the more 
individualistic and primitive types have 
given way before the more specialized 
ones whose dominance appears to be 
correlated with the disappearance of in¬ 
dividual variations m behavior 

There is, of course, an account of 
dulosis, or slavery, among ants, of para¬ 
sitic ants and of the numerous myrme- 
cophiles that have taken up their abode 
in ant-nests The consequences of these 
social phenomena are then considered at 
some length in connection with the life 
and prosperity of the colony and their 
final effect upon the species concerned 
Several pages are devoted to a detailed 
account of two species (Phetdole mega- 
eephala and Indomyrmex humtlts) that 
have spread widely in warm countries 
during recent times, driving out the indig¬ 
enous ant-fauna over the extensive areas 
that they have exploited Finally, meet¬ 
ing in Madeira in a fight to the finish 
where the militant Pheidole had already 
taken possession, an unexpected outcome 
has been the usurpation of the island by 
the gentle Iridorayrmex which now holds 
sway after havmg completely ousted the 
earlier invaders Such occurrences offer 
much food for thought m connection with 
human behavior, and the author points 
out many additional analogies of socio¬ 
logical interest, particularly with refer¬ 
ence to parasitism, slavery and conquest. 

As he finds that the organization of the 
ant colony appears to be most closely 
analogous to the several forms of totali¬ 
tarian government m man, such as com¬ 
munism and fascism, the author appears 
to believe that the latter represents a 
later evolutionary stage in human rela¬ 
tions, especially as this is the pattern 
among the higher groups of ants As we 
find the more “democratic” primitive 
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ante giving way to the more '‘totali¬ 
tarian” higher types, we may, therefore, 
perhaps anticipate an enduring multi- 
millennium of totalitarianism for the hu¬ 
man species. Whereupon I feel tempted 
to revive the Mosaic legend that God 
created man in his own image, and, we 
iaoist, with a less restricted intellectual 
horizon than that enjoyed by the ants 
who have been satisfied with fecundity, 
conquest and a consequent domination of 
the insect world 

The book is extremely well written, and 
although the author is primarily a gen¬ 
eral physiologist who has undertaken the 
study of ants as a secondary interest, 
there are few errors that the reviewer 
has been able to detect It is heartily 
recommended to the wide audience for 
which it is intended, including all biolo¬ 
gists, sociologists and those really inter¬ 
ested in general science In view of the 
present state of our human world, it has 
appeared at a particularly opportune 
time to disseminate much information 
not extensively known and to draw many 
illummating comparisons between ants 
and men. 

ChibIjES T. Bbubs 

HUMAN HEREDITY' 

This book is an outstanding achieve¬ 
ment in the popularization of science 
Mr Scheinfeld is a layman, not a scien¬ 
tist Nevertheless, he has written an 
account of the difficult science of human 
heredity that is sound, interesting and 
highly informative The lay reader will 
certainly learn much from “You and 
Heredity ” But thanks to the expert 
collaboration of Dr Schweizer, the book 
should also satisfy the critically minded 
geneticist, and serve to broaden the 
teaching biologist’s knowledge of many 
unusual phases of human biology. Fur- 

1 You and Beredtty. By Amram Bcbeinfeld, 
aMisted in the genetiea aeetions by Dr. Morton 
D Schweuer. lUuetrated xvii +434 pp. $8.75. 
Frederiek A Stokes and Company. 


thermore, whoever the reader, he will be 
entertained by the vivid and piquant 
tables and diagrams (many in color) and 
the sprightly style. 

Since the author is not a professional 
scientist it is of interest to inquire as to 
the motivation that led him to write this 
book. “When I began my study of the 
subject, it was solely for the purpose of 
utilizing some facts of human Wedity in 
a projected work of fiction. Before long 
I discovered that the findings in the field 
so completely shattered my own precon¬ 
ceived notions and the ideas held by all 
but an initiated few as to obliterate my 
original plans I became convinced that 
the most interesting task before me was 
to acquire as thorough a knowledge of 
this subject as I could and then, in some 
way, to communicate it to others ” This 
approach to the study and the populari¬ 
zation of a scientific problem is signifi¬ 
cant m respect to the relation between 
science and society. It presents the im¬ 
pact of science on culture in a somewhat 
novel form, and it introduces a rather 
new type of factor aiding the diffusion 
of the fruits of scientific research from 
the restricted field of the laboratory to 
wide-spread social acceptance 

The book begins with an introduction 
to the bare essentials of genetic princi¬ 
ples, and then goes on to discuss in detail 
the inheritance of eye, hair and skin 
color, of features, body form and struc¬ 
ture, and of many pathological conditions 
ranging from color-blindness to peroneal 
muscular atrophy Constant reference 
to the genetic problems and probable 
results of various human matings make 
these sections of the volume particularly 
appealing to those who take parenthood 
seriously. Much of the remainder of the 
book is devoted to an illuminating dis¬ 
cussion of questions having social signifi¬ 
cance, such as the mteraction of heredity 
and environment in the determination of 
intelligence, crime, personality and cer¬ 
tain diseases, and the problems of eugen- 
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ios and of "race.” Mr Scheinfeld’s 
main conclnaion from his study of the 
social aspects of his subject is a very 
significant one; " . at the moment we 

have no need to stake onr hopes for an 
improved mankind on future genetic 
findings or on radical changes in our 
biological make-up . . We have in our 
biologic genes now in circulation, . . . 
all the potentialities for a race of super¬ 
men —if we can ptoperly direct and con¬ 
trol our environment ” (Author’s ital¬ 
ics ) This is a conclusion to be especially 
pondered by eugenists 

"You and Heredity” is not without 
some faults. Students of evolution, for 
example, will question the author’s claim 
that Darwin gave complete credence to 
the theory of the inheritance of acquired 
characteristics, and many will not agree 
with all his political views But these 
shortcomings are of minor importance 
What strikes one most is the many excel¬ 
lences of the book, and it is these that are 
its recommendation to any one interested 
in the subject of human heredity 

Alexander Sandow 

A SCHOLARLY BOOK FOR 
SCHOLARS^ 

This, "The North American Assault 
on the Canadian Forest,” is not the first 
book on the ravaging of a great resource 
by covetous gentlemen It is, however, 
one of the most carefully detailed and 
worked out of the lot Perhaps a too 
great realization of the danger of re¬ 
lating this "special phase of economic 
history” in accordance with a method 
that is romantic leads the editor, who 
18 the author of the major section of 
the book, to be over-cautious in his 
presentation. There are for the lay¬ 
man perhaps three major purposes in a 
book of history. The first is to relate 

1 The North Amenoan Aasault on the Cana 
dtan Forest, By Lower, Carrothers, Saunders 
Ilhtttrated. -xxvii + 877 pp. 88 76. Yale tTiM- 
vorsxty Frem. 


facts; the second is to present a fasci¬ 
nating and vigorous story, and the third 
IS to reform. This book dings tenaci¬ 
ously to the first. There are two impor¬ 
tant human elements that seem to have 
been lost sight of in the creation of this 
work At least two The first of these 
IS the building of tremendous fortunes, 
and, in some cases, the loss of these This 
phase of the whole panorama, the authors 
have either failed to see or else they have 
feared to deviate from the straight and 
narrow proces-ses of history-makmg to 
present a possible, colorful picture The 
second of these is the life—^in some cases 
the exaltation, in others the degradation 
—of the laborers who made possible the 
great exploit 

liegarding the features that pertam to 
reform, perhaps the work has been done 
by Tliorstein Veblen, at least so far as the 
forests this side of the Canadian border 
are concerned Anyway, the attempt to 
teach a lesson by picturing the processes 
by which a great resource is despoiled 
would bo only futile, probably. The lay¬ 
man, however, expects the world to be 
made over according to some idealistic 
pattern, and he therefore likes a homily 
111 what he reads But this book is not 
written for the average reader; it is 
written for students of economic and fac¬ 
tual history It should be noted, there¬ 
fore, that an important purpose of his¬ 
tory writing has been fulfilled. The facts 
are well presented, and the economic 
phases of the whole development are like¬ 
wise revealed It is refreshing to see- 
that at least historians on the Canadian 
side are interested in so important a mat¬ 
ter as the economics of the situation. 

To summarize, it may be said that so 
fine a work will probably fail to meet 
the needs of the average reader, it is a 
book designed for scholars rather. It is 
one of a series to which significant indi¬ 
viduals are devotmg their time and effort. 

J E Thobntok 
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UNIVERSITY HALL OP THE OHIO STATE UNIVERSITY 

THE OLDEST BUILDINO ON THE CAMFUS JOINT SESSIONS OE AMERICAN BOCIFTY OF ZOOLOGISTS 
AND GENETICS SOCIETT OF AMERICA WILL BE HELD IN ITS AUDITORIUM 


THE PROGRESS OF SCIENCE 

SCIENTISTS ASSEMBLE AT COLUMBUS 


Immediately after next Chribtmas 
scientists from all parts of the country, 
five thousand stroiij?, will be on their 
way toward Columbus, Ohio, to attend 
the one hundred fifth meeting of the 
American Association for the Advance¬ 
ment of Science, which will be held from 
December 27 to January 2 

During the first seventy years of the 
existence of the association (it was or¬ 
ganized in 1848), it could meet in any 
university town, for its programs con¬ 
sisted of a dozen or two sessions at which 
a few general addresses were delivered 
and a few score papers were presented 
With the enormous expansion of science 
during the past thirty years the mem¬ 
bership of the association has grown until 
it now exceeds twenty thousand, and the 
programs of its meetings have increased 
proportionally At the meeting in Co¬ 
lumbus about two hundred sessions will 
be held before which approximately 
sixteen hundred papers will be presented 
The details necessary for arranging these 
programs are largely in charge of the 
secretaries of the sixteen sections of the 
association and of the secretaries of those 
of the one hundred sixty-six affllmted 
and associated societies that join m the 
meeting 

III order to provide facilities Jor pie- 
senting the programs of these sections 
and cooperating societies, it is necessary 
to have ready for simultaneous use about 
sixty meeting rooms, each eijuipped with 
a stercoptieon projector and having an 
operator always available for darkening 
the room and serving the machine, and 
year by year steadily increasing num¬ 
bers of motion picture projection ma¬ 
chines are required, for the sequences 
m which pbenomeiia occur are sometimes 
of the highest importance 


The foregoing statement of the accom¬ 
modations and facilities that are neces¬ 
sary for meetings of the association ex¬ 
plain why they must be held m such 
large cities as Columbus In important 
respects Columbus is an ideal city for a 
meeting of the association, for it is lo¬ 
cated near the center of population of the 
country and includes w'ltliin three miles 
of its center the Ohio State University 
with fifty buildings and more than seven¬ 
teen thousand students This great insti¬ 
tution provides not only meeting rooms 
and iiiiiiieroiis facilities, but the 1,100 
members of its teaching staff, as well as 
its graduate students, furnish numerous 
participants in the programs and large 
audiences Moreover, the Ohio Wesleyan 
University is only twenty-two miles 
away. Virginia has been known as the 
home of presidents of the United States, 
Ohio IS preeminently the home of col¬ 
leges It IS said that whenever its early 
niiiiisters were in doubt they w'ould found 
colleges However that may be, nearly 
every town of any size in Ohio is the 
seat of a college where science is taught, 
w'hatcicr may have been the primary 
purpose of its louiiding The meeting of 
the association in Columbus will be an 
inspiration to all these centers 
How' fast the world changes in our day 
as a consequence of smence and its ap- 
jilications I Central Ohio was opened for 
settlement in 1787, and the first residence, 
a log cabin, was erected in 1798 in the 
area now occupied by Columbus In 1812 
the Congress of the United States appro¬ 
priated certain “rolugee lands" in that 
region for the use of Canadians and 
Nova Scotians who had sympathized with 
the Colonists in their struggle for inde¬ 
pendence ill the Revolutionary War 
The Borough of Columbus was iiicorpo- 



574 


THE SCIENTIFIC MONTHLY 



MTT8EUM OB’ THE OHIO STATE AECHAEOLOOICAL AND HISTORICAL SOCIETY. 

TUE UEETINOB OF THE ECOT.OOICAt. SOCIETY OF AMEEICA WILL BE HELD IN THIS BUILDINO 


THE PROGRESS OF SCIENCE 


575 


rated in 1816 In 1834 Columbus, with 
a population of 3,500, was incorporated 
as a city. At the outbreak of the Civil 
War its population was only 18,000, in 
1900 it was about 125,000, now it is 
about 500,000, a four-fold increase in 
forty years 

It IS not difficult to explain the de¬ 
velopment of Columbus and other large 
cities in Ohio The state has a fertile 
s^)il, great resources in petroleum and 
natural gas, and enormous quantities of 


was science It came and worked a 
miracle of transformation that no one 
could have anticipated a century ago 
Physical evidences of accomplishments 
are obvious and often are taken as the 
measure of the progress of civilization 
But really they are the means to finer 
ends, as the roof and walls of a house are 
only to shut out the elements aiul the 
world from the sacred home that is 
within At the meeting in Columbus 
the boasting will be of the achievements 



HORTTCULTUBK AND FORKSTBY BUILDING 

WHICH WILL HOUSE THE HORTICULTURAL SCIFNCKS 


coal Indeed, in one area there are forty 
seams of coal that were laid doAMi suc¬ 
cessively in the days when the waters of 
shallow seas periodically spread over 
what IS now the central part of the 
United States Fortune adiled to these 
almost unparalleled natural resources by 
connecting the enormous iron ore deposits 
of the Lake Superior region wuth the (*oal 
areas of the Ohio valley by the Great 
Lake» Finally, Ohio was settled by 
hardy and progressive pioneers 

One thing remained for the develop¬ 
ment of a great industrial state, and that 


of the mind—of explorations into remote 
parts of space and into inner recesses of 
matter, of the long history of the earth 
and of its future, of the evolution of life 
and of the curing of disease, of the rise 
of man and of the progress of civilization 
Instead of being austere, except in its 
insistence on the truth, science is 3 oyous 
and optimistic The general programs 
of the meeting prove the statement. The 
address of the retiring president of the 
association, Dr Wesley C Mitchell, of 
Columbia University, is on ‘‘The Public 
Relations of Science The title of the 
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annual Sijyma Xi address, to be delivered 
by Dr Kirtley P Mather, of Harvard 
University, is “The Future of Man as an 
Inhabitant of the Earth ” And the an¬ 
nual address under the auspices of Phi 
Beta Kappa is by Dean Marjorie Nieol- 
son, of Smith Collej^e, on “Science and 
Literature ’’ 

Science is generous, every discovery 
beinj? shared jrladly with the whole 


world No preacher or priest will breathe 
more truly the Christmas spirit of Peace 
on Earth and Good Will to Men than will 
the scientists in their meeting in Colum¬ 
bus, Ohio, from December 27 to January 
2 Indeed, many troubled minds are 
looking anxiously toward science with 
the hope that it will be able to provide a 
new and better foundation for ethics and 
possibly religion P R Moulton 


PROFESSOR CORNEILLE REYMANS. NOBEL LAUREATE IN PHYSIOLOGY 

AND MEDICINE FOR 1938 


According to Oswald Schmideberg, 
the founder of the science of pharma¬ 
cology, the main purpose of those work¬ 
ing in this field should be the elucidation 
of physiological phenomena by stud\ ing 
the reactions of living systems to <diem- 
ical agents The depth of this conception 
is shown by the caliber of the contribu¬ 
tions which those who have been guided 
by it have been able to make to the sum 
of human knowledge, and no more strik¬ 
ing commentary could be desired than 
this, that the Nobel Committee, cus¬ 
todians ot the highest award that can 
come to a medical scientist, having in 
19»36 honored two pharmacologists, 
Henry Dale and Otto Loewu, for their 
w^ork on humoral transmission of the 
nerve impulse, now award the prize for 
1988 to Corneille Hevmans, professor of 
Xiharmacology in the Universitv of 
Ghent, for the new light that his studies 
have (*ast on the regulation of res}viration 
and the influence of drugs upon it 
The name of Corneille Heymans first 
became widely known wdien, in a paper 
published in 1927, his father and he an¬ 
nounced the discover^" of respiratory 
changes iiroduced reflexly by alterations 
either in the pressure or in the ('hemical 
comjiosition of the blood in the arch of 
the aorta Almost simultaneously, m 
juiblications stimulated by H E Her- 
ing’s discovery of the importance of 
carotid sinus reflexes to the control of 
blood-pressure and heart rate, attention 


was directed b> Danielopolu and his 
collaborators to respiratory leflexes, 
similar in essential respects to those de¬ 
scribed bv Heymans pi'^re et fils, but 
emanating from the carotid sinus region 
instead of the aortic arch Corneille 
Heymans then set out to investigate the 
carotid reflex zone, as he told me (and 
like most who have come to woik in this 
field) in the most skeptical frame of mind 
possible, but it was not long until he had 
convinced himself that this source of re¬ 
flexes is certainly as important as the 
aortic legion, and at the same time is 
vastly more accessible to experimental 
approach He confirmed Hering’s re¬ 
sults with respect to the “check-rein’’ 
effect exerted on heart rate and vaso¬ 
motor center by the reflexes aroused in 
the carotid sinuses and aorta by increase 
in intra-arterial pressure He showed 
clearly, for the first time, that the re- 
sjuratorv center responds like the vaso¬ 
motor in this respect, being reflexly 
inhibited bv rise in intracarotid pres¬ 
sure, reflexly stimulated by a fall But 
his entirely new and undoubtedly most 
important contribution is the diS(*overy— 
in carotids as well as aorta—of another 
reflex sv^stem responsive to chemical 
agents and not to pressure, and jiroduc- 
ing stimulant instead of inhibitory ef¬ 
fects upon blood-pressure and respira¬ 
tion lie demonstrated that these 
chemoreflexes arise, not in the carotid 
sinuses (as the pressure reflexes do), but 
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THE J. F. HEYMANS TN8TTTTTTE AT GHENT, HELGTUM 
in some proximal part of the external that will almost ineMtably have impor 


carotid system, and he accepted De Cas¬ 
tro’s claim, based on morpholopfieal 
grounds, that the chemically sensitive 
receptors are located in the carotnl body, 
which has subsequently been pro\ed 
true He showed that the chemorccep- 
tors can be stimulated by all three of 
the mam chemical influen(*es that physi¬ 
ologists have long associated with the 
automatic control of respiration, namely 
oxygen-lack, increased aciditv and in¬ 
creased (*arbon ilioxide tension in the 
arterial blood Thus he introduced an 
entirely new element into discussions ot 
the physiology of respiration He dem¬ 
onstrated that the stimulant effects of 
oxygen-lack on respiration and circula¬ 
tion are dominantly if not exclusively 
due to these reflexes, the direct effect on 
the nerve cells of the centers being a 
depressant otu'—a conception that has 
greatly clarified our understanding of 
this subject, that already has had an 
influence upon psychiatry, as evidenced 
in the explanations now current for the 
beneficial effects of metrazol and insulin 
in the treatment of mental diseases, and 


taut bearing upon aviation medicine He 
found that a number of drug actions, 
such as the respiratory and circulatory 
stimulant effects of cvanides, sulfides and 
small doses of lobeline and nicotine, are 
exerted on these chemoreceptors and not, 
as previously supposed, on the centers 
themselves His work has been repeated 
(again in the most skeptical frame of 
miiid possible) by a number of others, 
and no one who has remained in the field 
long enough to acquire the requisite 
technique has failed to confirm his gen¬ 
eral conclusions So thoroughly has 
Hevmaus explored this new physiological 
territory that it is scarcely possible now 
to make an observ^ation that has not 
already been made and recorded by 
him There is room for differen(*e of 
opinion about some of the fundamental 
points involved, largely because there are 
greater differences among individual 
animals, among different species and 
under different experimental conditions, 
than he has taken cognizance of in draw¬ 
ing conclusions from his experiments 
Yet even though final answers to the 
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questions raised by his pioneer experi- 
ments are not yet at hand and will not be 
until a considerable amount of laborious 
experimentation has been earned out, 
this can not detract from the service he 
has rendered the cause of medical science 
by discovering a chemoreflex system 
previously unknown and thus stimulat¬ 
ing new types of thought and investiga¬ 
tion I am sure that his thousands of 
friends and admirers 411 this country will 
join in congratulating the Nobel Com¬ 
mittee on their happy choice and in ex¬ 
tending to the new laureate heartiest 
felicitations as well as best wishes for the 
future 


The course of events leading to this 
pleasant culmination might perhaps be 
studied with profit by those who are en¬ 
trusted with the destinies of the various 
peoples of the woild a Belgian takes up 
a challenge derived by a Rumanian from 
the writings of a German and is re¬ 
warded by the Swedes, while the entire 
scientifi(‘ world shouts its approval Dif¬ 
ferences of opinion among the nations 
can still be settled amicably and yet 
with dignity and profit to all concerned 
—in the realm of science 

Carl F Schmidt 

IWlVlRSITY or PlNNSYLVAVH 


THE FORTHCOMING EXHIBITION AT THE CARNEGIE INSTITUTION 

OF WASHINGTON 


One of the interesting scientific ex¬ 
hibitions of the year will be the annual 
exhibition of recent research develop¬ 
ments by the Carnegie Institution of 
Washington The institution, following 
its usual custom, will present the lesults 
of some of its current researches at its 
next exhibition, which will be held at its 
Administration Building, Sixteenth and 
P Streets, N W , Washington, D C The 
exhibition will be opened to the public 
on Saturday evening, December 16, and 
will remain open on the following Sun¬ 
day and Monday 

In past yeai’s the range of its ex¬ 
hibits have covered a wide field, as is to 
be expected m view of the scope of the 
scientific activities of the Carnegie In¬ 
stitution itself Pounded in 1902 by 
Andrew Carnegie and reincorporated by 
act of the Congress of the United States 
in 1904, with Elihu Root as chairman of 
its board of trustees and Daniel Coit 
Oilman as its first president, its general 
purposes are “To eneourage in the broad¬ 
est and most liberal manner investiga¬ 
tion, research, and discovery, and the 
application of knowledge to the imjirove- 
ment of mankind ’’ 


In its earliest stages these objectives 
of the institution wTre aeeomplished 
through grants of funds for specific 
researches, but later effoits were directed 
tow’ards (»ertHiii major projects, the pur¬ 
suit of which required longer periods, 
increased staff and greater coneentration 
of luiids This tendency towards eon- 
eeiitration on important complex prob¬ 
lems, wdiich could only be attacked 
effectively through the united and cor¬ 
related efforts ol groups ol scientifically 
trained individuals, led to the orgaiiiza- 
tioii of depart ments and divisions de¬ 
voted each to its geneial subject under 
the leadership of able and experienced 
investigators More especially was this 
true since the Jiistitution attempts to ad¬ 
vance fundamental research 111 fields not 
normally covered by other agencies 
In line with these policies of the in¬ 
stitution, its Division of Animal Biology, 
under Dr George L Streeter, comprises 
the Nutrition Laboialory in Boston, the 
Department of Genetics with its Station 
for Experimental Evolution and Eugen¬ 
ics Record OflBee at Cold Spring Harbor, 
Long Island, the Department of Em¬ 
bryology in Baltimore, and the Tortugas 
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THE ADMINTRTRATTON BTTILDINO OF THE CAKNE(UE INSTITUTION OF 

WASHINGTON 

WIIFKI THE EXHIBITS WILL BE HELD IN DFCEMBKR 


Marine Laboratory in Florida The torieal Researeh, under Dr A V Kidder, 
Dnision of Plant Biolojrv, undei Dr II which ineludes the Seetions of Aboritrmal 
A Spoehr, includes the Desert Labora- Historv, Post Columbian History and the 
tory at Tucson, Arizona, and Depart- History of Science, is in (^anibridjre, 
inent of Botanical Research, the Coastal Mass 

Laboratory at (Carmel, and the Central The results of the numerous researches 
Laboratory for Plant Physiology at Stan- already completed or currently in prog- 
ford This division also operates dune ress bv the large staff of the institution 
gardens at Santa Barbara, Calif, and in its several departments and divisions 
transplant gardens at inteivals from the appear in current scientific magazines of 
base to the summit of Pike’s Peak Ex- various societies, and in hundreds of 
tensive palaeobotanical researches and volumes of monographs and other sci- 
studies ol historical climatolog\ have entitle publications of the institution 
long been carried on also by this division itself which are sent gratuitously to all 
The Geophysical Laboratory, undei the principal libraries of the world, the 
Dr L II Adams, and the Department obieet of the distribution being to make 
of Terrestrial Magnetism, under Dr J the research materials readily available 

A Fleming, are both in Washington, D to scientists and others interested, wher- 

C The institution also operates mag- ever they ma> be 

netic and electrical observatories in Peru This same objective of the wider appli- 
and Australia The Mount Wilson Ob- cation of knowledge is the guiding piir- 
servatory, under Dr W S Adams, is at pose of the institution in its annual 
Pasadena, Calif The Division of His- exhibition of some of the more recent 
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advances in scieii(*e, wliieh will be open lectures {generally related to the subjects 
to public view m Washiujrton in De- of the exhibits demonstrated at that 
eember, tofrether with a series of public time T H D 

AWARD OF THE RUMFORD MEDALS TO PROFESSOR GEORGE 
RUSSELL HARRISON 


In the year 1758 in a farmhouse in 
North Woburn, Mass, there was born 
to Ben)amin Thompson and his wife, 
Ruth Simonds Thompson, a son named 
Benjamiiu 

Durnifr his boyhood the lad showed 
an intense interest in scientifii* matters, 
attended scientific lectures at Harvard 
College, and later taujjht school at Con¬ 
cord, N H 

In the process of time he became a 
distinj^iiished scientist and philanthio- 
pist, and for his researches w^as renowned 
111 Bavaria, Great Britain and the United 
States An oiitstandinp: achievement 
was the overthrow' of the then prevailiiifi: 
calori<‘ theory of heat and the substitu¬ 
tion for it of the dynamical theory 

Created a prince by Prince Maximilian, 
he chose the title “Count RumfoixU’ 
from Rumford, N II, now' Concord 

In a letter dated July 12, 1796, to 
John Adams, then president of the 
American Ai^ademy of Arts and Sciences, 
Count Rumford w lote as follows. 

Sir,—DosirouH of (ontnluitiiiff officnciouslv to 
tlio advancomont of a brnnrli of sticntc ^\lncli 
has long (‘niplovod my attontJon, and winch ap 
pears to me to he of the highest iiiipoitance to 
mankind, and wishing at the same time to lea\e 
a lasting testimony of mv lespeit for the 
Amoncan Academy of Aits and Sciences, T take 
the liberfv to request that the Academ> would 
do me the honour to accept of Five 'J’housand 
Dollars, three pei cent stock in the funds of the 
United States of North Amenca, whnh Stock I 
have actually puicliased, and which T beg leave 
to transfer to the Fellows of the Academv, to the 
end that the interest of the same may be by 
them, and by their siictessors, leceivod fiom time 
to time, forever, and the amount of the same 
applied and given once every second veiir, as a 
premium, to the author of the most iiupoitant 
discovery or useful improvement xxx on Heat, 
or on Light, the prefeionce always being given 
to such discoveries as shall, in the opinion of 


the Academy, tend most to promote the good 
of mankind 

The leceipt of this gift of $5,000 to the 
academy proved even more far-reaching 
in its influence than C^nint Rumford 
had anticipated The principal of this 
fund now' stands in excess of $84,000 
The jiroceeds are used not only for the 
Rumford Medals but also lor Rumford 
Giants for the piircluise of appuratus by 
those who are conducting researches in 
heat or light 

The first award of the Rumford Medals 
w'as made in 1889, just one hundred years 
ago To the present time 38 individuals 
have received this honoi On the list 
of “M(*dalists“ of tinrtv years ago, we 
find the names of, among others, Alvan 
Clark, Henry Augustus Rowland, Albeit 
Abraham Michelson, Edward Charles 
Pickering, Thomas Aha Edison, James 
Edwaid Keller, Elihu Thomson, George 
Elleiy Hale, Ernest Fox Niehols and 
Edward Goodrieh Acheson 

On October 11, 1939, the thiitv'-niiith 
award was made to Professor George 
Russell Hariison, professor of physics at 
the Massachusetts Institute of Technol- 
ogv 

The committee felt uiupiestionably 
justified in its action for the following 
reasons Although Professor Harrison 
IS as vet a voiing man he has, in the last 
seventeen jears, published thirty-five 
papers m ht^ own name and eleven in 
collaboration witii others, and he has 
recentlv written a book “Atoms in Ac- 
tion^^—these fortv-seven publications be¬ 
ing all extremelv valuable and, almost 
w ithout exception, in spectroscopy, which 
IS to-day one of the most important 
blanches in the science of light 
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PKOFESSOR GEORGE RUSSELL HARRISON 

PROFESSOR OP PHYSICS AND DIREl’TOR OF THE RESEARCH L\BORATORY OF EXPERIMENTAL PHYSICS 
AT THE M\SSAtHUsE'rrs INSTITUTE OP TFCHNOTX)GY 

The outstanding achievements, in from 10 to 200 times as fast as was 
which Professor Harrisorrs mind has hitherto possible With the aid of this 
been the guiding influence, are three. instrument a volume of wave-length 

First. The development of an “auto- tables co\ering 109,725 lines has been 
matic wave-length comparator,’' a ma- prepared 

chine which automatically measures. To those spectroscopists who for liun- 
reduces and records wave-lengths and dreds of hours in their lives have been 
superposes upon the film on which these seated at the microsiiope, estimating 
are recorded a microphotometer trace visually the intensities of spectrum lines 
which shows the intensity and physical appearing on the photographic plate, 
characteristics of the lines Complex setting the cross-hairs of the comparator 
spectrograms may thus be measured upon these hues and later laboriously 
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caleiilatinj? their wave-lenp:lhs, it appears 
nothiTij? short of miraculous that this 
new machine performs synchronously 
the three processes above mentioned and 
completes the operations in but a frac¬ 
tion of the time previously required 

Second The invention of an automatic 
subtracting machine for sorting wave- 
number intervals, for use in the analysis 
of atomic energy levels 

Third The production of an interval 
sorter, which takes the intervals shown 
by the second machine to be important 
and combing wave-length lists very 
rapidly, picks out all pairs of lines show¬ 
ing these intervals 

The development of these three ma¬ 
chines alone, apart from numerous othei 


achievements, constitutes a contribution 
to the field of spectroscopy, which places 
the most recently elected Rumford 
Medalist quite properly among the bril¬ 
liant and distinguished scientists who 
have been recipients of this honor 

It may be of interest to the public to 
know that, at this October meeting, the 
Arneri(*an Academy, for the first time in 
its history, “went on the air Dr Har¬ 
low Shapley, director of the Harvard 
Observatory and president of the acad- 
em 3 % presided , the medals were presented 
bv the writer of this article, and Dr 
Harrison then delivered an address upon 
the subject, “New Methods in Spec¬ 
troscopy “ N A Kent 

Boston TTnivi-rsity 



ONE OF THE MEDALS GIIANTED TO PKOFESSOB HABRISON 


SEEDLESS FRUITS PRODUCED BY CHEMICALS 


Every one is familiar with the fact 
that there are seedless fruits as, for in¬ 
stance, oranges, grapes, bananas and 
even cucumbers, but it is perhaps not so 
well known that it is possible to produce 
seedless fruits artificially by treating the 
flowers witli clienucals To be sure, not 
every plant can be made to produce fruits 
by this treatment, but success has been 
attained with a good many species 


The tomato was the first seedless fruit 
successfully produced by chemicals 
When the flower buds were nearly ready 
to open they were opened with a pair 
of forceps and the pollen-bearing sta¬ 
mens removed Upon the pistil or some¬ 
times upon the cut surface of the style 
was placed the chemical mixed with 
lanolin (fat from sheep wool) The 
lanolin served merely as a carrier for the 
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chemical The bud was closed again, 
and in a rather high percentage of treat¬ 
ments there resulted a fruit which was 
perfectly normal m every way except 
there were no seeds Sometimes the 
fruits were small and solid without any 
seed eaifities, but that was rather un¬ 
usual The taste of these seedless fruits 
was no different from that of the seeded 
fruits. 

Peppers, crookneck summer squash, 
egg plants and watermelon have been 
produced in a similar way Not only 
fleshy fruits but also dry fruits have 
been produced by treating the flowers 
with chemicals By injecting a dilute 
solution of the chemical into the pistil 
of the flower, tobacco fruits were pro¬ 
duced that were nearly full size, but 
without seeds Another variation of the 
method has been to spray the flowers wuth 
the chemical This method has usually 
been employed wuth plants that have the 
two sexes in separate flowers, in which 
case there is no necessity of removing 
the stamens Seedless holly berries and 
strawberries have been produced by 
spraying the flow^ers 

The chemicals which have been found 
to be effective are phenylacetic acid, 



indole-acetic acid, indole-butyric acid 
and naphthalene acetic acid These 
chemicals, together with a number of 
others, have been found to produce 
grow^th in plants and are generally 
spoken of as growth-promoting sub¬ 
stances Several of them have been used 
to produce roots on cuttings 

Extracts of pollen from several plants 
have also been used to produce seedless 
fruits The extract was mixed with 
lanolin and the paste applied to the 
pistils with the result that in many in¬ 
stances fruits resulted 

Besides producing seedless fruits, 
whu'li may or may not be of any signifi¬ 
cance in itself, these experiments are of 
considerable scientific importance be¬ 
cause they furnish the botanist with 
much-needed information about the de¬ 
velopment of fruits Recent investiga¬ 
tions have shown that there are natur¬ 
ally occurring growth-promoting sub¬ 
stances, or hormones, m flowers and 
fruits It has been found that the pistil, 
pollen and the seeds contain a consider¬ 
able quantity of growth hormones, and 
it was further discovered that the pis¬ 
tils from varieties of oranges and grapes 
that naturally produce seedless fruits 



FIG 1 EFFECT OF BITTYHIC ACID ON PEPPER FRUIT SEED DEVELOPMENT 

(Lift) THE PEPPER FRUIT WITH THE TAO WAS PROPUCFD BY TREATING THE FLOWER WITH INDOLE 
BUTYRIC ACID THE Ol'HFR FRUIT IS NORMAL {Bight) THIS REPRESENTS CROSS SECTIONS FROM 
THE PARTHFNOCARPIC FRUITS IN THE ADJACENT PICTURE NOTE ABSENCE OF 8FFD8 THE LOWER 
FIOl^RES REPRESENT NORMAL FRUITS WITH 8EFDS 
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FIG 2 EFFECT OF ACIJ) ON HEET) DEVELOPMENT. 

(Top Ufi) THE MIDDLE FIGtTHE REPRESENTS THE ORIGINAL OVAR\ OF A TOMAO’O FIX)WER THE 
FRUITS ON THE LEl-T W h RF PROD IU ED in POLLINATION \ND THE ONJ'S ON THI- RIGHT BY TRFJITINQ 
THE FLOWERS WITH THB POTASSIUM S\LT OF INDOLE zVCiTU’ A( ID (Wop right) IHF FIGURE ON 
THE LEFT Is'a ( ROsS 8El IION OF THE FRUII' SHOWN ON THE LFFT IN THE ADJACENT PlCTURi., WHILE 
THE ONE ON THE RIGHT WPIIIOUT SEEDS IS A t ROss SECTION OP THh FRUIT ON THE RIGHT IN THF 
SAME FIGURE (Bottom left) the (ROOKNECK summer SQL ash with the TAG WAS PRODUCED BY 
TREATING THE FLOWER WITH INDOLE BUTYRIC ACID, WHILE THE FRUIT ON THF RIGHT IS A NORMAL 

FRUIT (Bottom right) the upper figure without seeds is a cross iion of the partheno 
•CARPIC fruit with THE TAG IN THF ADJ\( FNT PICTITRE THE LOWER FIGURE IS A CROSS SECTION 

OP A NORMAL FRl’IT WITH SEEDS 
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contain more growth hormone than the 
pistils from varieties that do not pro¬ 
duce seedless fruits. Unlike the seeded 
fruits, the seedless fruits are produced 
without fertilization and in many cases 
even without pollination 
Based on these findings, a hypothesis of 
fruit development has been formulated 
It has been suggested that normally the 
pollination and the development of the 
pollen tubes bring into the ovary a 
quantity of growth hormone which, to¬ 
gether with that which is already present 
in the pistil, is sufficient to start the fruit 
growing, (Without pollination there 
will be no fruit development) The de¬ 
veloping embryo in the seed may either 
produce more hormone or cause it to flow 
into the fruit from the leaves to supply 


the hormone needed for the continued 
gro^lh of the fruit On the other hand, 
in some varieties of oranges and grapes 
the pistil contains enough hormone to 
initiate growth without pollination and 
fertilization, and here we have produced 
seedless fruits 

These experiments, though scientifi¬ 
cally interesting and important, have 
probably no commercial value It would 
be too expensive to treat each individual 
flower separately and that would as a 
rule be necessary. Attempts have been 
made to produce seedless dates with 
chemicals, but so far without any suc¬ 
cess If success were attained with this 
plant, it would be a commercial ad¬ 
vantage Felix G. Gustafson 

TTnivfrsity of Michigan 


INDUSTRIAL RESEARCH IN THE UNITED STATES 


A GENERATION or two ago the word 
science became so highly respected that 
it was applied to all sorts of things, 
whether or not they had any relation to 
scientific work Even athletes, such as 
boxers, who had certain characteristics 
were said to be scientific More recently 
research has come to wear the purple 
In our universities it is rolled unctuously 
on the tongues of those who have seen it 
only from afar It is honored in indus¬ 
try, finance and government There is 
no other pillar of fire to guide us out of 
the night 

B’or 30 years the center of gravity of 
scientific research has drifted from our 
universities toward our industries, and 
now the current is becoming strong 
toward governmental agencies All these 
trends arouse reflections At the moment, 
hoi^ever, we may review the magnitude 
of industrial research 

In 1938 there were 1,769 industrial re¬ 
search laboratories m the United States 
employing about 30,000 persons. The 
estimated annual expenditure of these 
laboratories is $100,000,000, with a wide 


margin of uncertainty The chemical in¬ 
dustries employ more scientists and pay 
more for research than any other indus¬ 
tries, the electric and communication in¬ 
dustries coming second Together these 
two industries account for nearly half of 
industrial research. 

Without any basis for comparison, the 
persons employed in industrial research 
and the expenditures for it appear enor¬ 
mous But only about one per cent of 
manufacturing corporations maintain 
research laboratories and only one sixth 
of one per cent of the value of their 
products IS spent for research In a 
sense, research is a sort of insurance. 
Considered from that point of view, the 
expenditures for it seem extremely small. 
Enormously more is spent for fire and 
other insurance, enormously more is 
spent for insuring a continuing supply 
of raw materials Much more is spent 
for accounting and legal advice Much 
more is spent even in preparing for gov¬ 
ernmental agencies the numerous reports 
required of corporations 

P R M. 
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